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Abstract
Meaning making is an essential aspect of learning as a process of interpreting and negotiating
information while sharing it with others. One way of meaning making is through (digital)
storytelling. The process of creating and telling a story depends on how one can see their
understanding of something come together and make sense and it is considered a (socio)
constructivist strategy of learning. The purpose and contribution of this research are to
explore how digital storytelling may support engagement in meaning-making as students
externalise their understanding of the science topic of matter. To this aim, two digital
storytelling activities were constructed – SEeDS (Sequencing of Events enabling Digital
Storytelling) and Narration. The two activities included the same content but differed in
structure. SEeDS presented the story scenes in an order that was not predefined and
Narration in a predefined order. Both activities derived elements from the theoretical concept
of Tricky Topics and Stumbling Blocks (SBs). This research was informed by the theory of
Problem-based learning.

Participants were sixty-one Greek primary students aged 10-12 years old and twenty-two
English secondary students aged 11-12 years old. Half students worked through the SEeDS
activity and the rest through the Narration activity. Students worked cooperatively in small
teams to implement the two activities. A systematic analysis of the collected data was
conducted using qualitative methods. Findings revealed that the two activities had supported
the Greek and English students in externalising their understanding of many scientific
concepts included in the topic of matter, while it identified gaps in their prior knowledge. The
two activities have also facilitated the instinctive use of exploratory talk over the other two
types (cumulative and disputational talk) that can often be found in peer talk in science
learning. Finally, the two activities appeared to have engaged students in the two contexts,
as they allowed them to own the story creation whilst working independently. Finally, the
Greek and English students viewed the SEeDS activity as challenging, making it hard to
complete and at times tiring and confusing, and the Narration activity as easy to implement,
giving students the opportunity to mainly focus on inventing the story plot.
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This research makes a valuable contribution to the literature on making meaning in science,
offering new insights about the use of problem-based stories supported by mobile
technology. The findings provide opportunities to further explore the practical application of
problem-based digital storytelling activities, which are hard thinking and challenging, across
different age groups and cultural contexts. There is a need for teaching practices to be based
on socio-constructivist learning approaches that focus on students’ thinking, not
performance. Therefore, the implications of this research are relevant to a number of
educational contexts and levels.
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CHAPTER 1: INTRODUCTION
1.2 Meaning making and its importance in learning
Meaning making is a cultural process “created and negotiated within a community” (Bruner,
1990, p. 11). Individuals use symbolic systems to make meaning that is already deeply rooted
in culture and language (Vygotsky, 1978; 1987; Bruner 1990). Vygotsky (1987) views the word
“meaning” as a unit of verbal thinking that contains thought and speech in a functional
relationship. Talk is considered central to the meaning making process and, therefore, to
learning because different ideas are brought together and worked upon (Mortimer and Scott,
2003). In this context, learning is built upon the exchange of ideas.

Students are responsible for constructing their knowledge using their existing intellectual
tools. Such a construction is achieved through social interaction in which language and
dialogue play a fundamental role in shaping meanings (Alexopoulou and Driver, 1996). That
kind of interaction provides “a forum, in which the participants calibrate their representations
of events and extend their existing mental models to assimilate or accommodate to new or
alternative information” (Chang-Wells and Wells 1993, p. 63). Students learn better when
they

learn

together

towards

a

common

goal

in

a collaborative or cooperative

learning environment (Nastasi and Clements, 1991), fostering learning (Chang-Wells and
Wells 1993).

Learning together through problems is also a meaningful (Hmelo-Silver, 2004) socioconstructivist approach that encourages learners to develop deep learning strategies and
construct knowledge (Hmelo-Silver, 2004). Problem-based learning typically starts with a
problem and ends with a corresponding solution (Gao, 2012) and focuses primarily on the
process of learning than on the end product. In this line, PBL can be seen as a socioconstructivist approach to learning that acknowledges the construction of knowledge as the
product of social interaction, interpretation and understanding (Adams, 2006; Vygotsky,
1962). In the process of meaning making, students try to make sense of what is being
communicated, to bring together existing ideas with new ones. At times, there is no tension
between existing and new views, and learning can, thus, progress easily for the individual
11

(Mortimer and Scott, 2003). At other times conflicts may arise, and their resolution is
necessary for new and existing ideas to be integrated. Research has shown that the more
challenging and more complex a learning task is, the better the learning results it can generate
(Brown et al., 2014). Meaning making requires critical thinking and constructive arguments,
which are considered key features of the deep approach to learning. On the contrary is the
surface approach, defined by an inclination towards memorising and reproducing terms and
discrete facts and results in surface understanding (Entwistle and Marton, 1994; Biggs, 1987;
Marton and Säljö, 1976).

Language is considered a system of resources for meaning making, yet how meanings are
made in school science differ from how other communities create meaning (Young and
Nguyen, 2002). Teaching and learning school science is “a means by which a community of
individuals sustains the shared beliefs and values of the community through the ways in which
they construct meaning” (Young and Nguyen, 2002, p. 349). Science is “seen as a product of
the scientific community, a distinctive way of talking and thinking about the natural world,
which must be consistent with the happenings and phenomena of that world” (Mortimer and
Scott, 2003, p. 13). Therefore, teaching and learning science involve an introduction to the
language of the scientific community that includes concepts, conventions, laws, theories,
principles, and ways of working of science (Mortimer and Scott, 2003). Empirical evidence
suggests that social interaction and discourse can facilitate learning in science (Candela,
1999). Such an interaction engages learners and enables them to listen, reason, share their
understanding and construct arguments to support their standpoint. As talk proceeds, each
participant makes sense of what is being communicated, and the words used in the social
exchanges provide the right tools needed for individual thinking (Mortimer and Scott, 2003).

1.2 Meaning making through digital storytelling
Socio-constructivism emphasises learning as meaning making from experience through
ongoing interaction with the world (Szurmak and Thuna, 2013). When learning something
new, one is “essentially trying to make sense of it, discern its internal logic, and figure out
how it’s related to what is known already” (Clark and Rossiter, 2008, p. 66). One needs to
make a story about what is being learnt; in other words, to make the elements of what is not
12

yet fully understood hang together so that there is coherence (Clark and Rossiter, 2008). The
process of making a story depends on how one can see their understanding of something
come together and make sense. Millar and Osborne (1998) propose that science education
needs to “make greater use of one of the world’s most powerful and pervasive ways of
communicating ideas—the narrative form” (p. 2013). Their argument is based on the premise
that stories in science can prove helpful in “communicating ideas and making ideas coherent,
memorable, and meaningful” (Millar and Osborne, 1998, p. 2013).

Involvement in the creation of a story plays a vital role in understanding the content and
context of the story because the place that events have in a story attributes meaning to the
whole story and helps to organise and grasp it (Bruner, 1990) mentally. Story events need to
be sequenced in terms of time and causality so that understanding can be reached. Vygotsky
(1978) was among the pioneers who reviewed the value of sequencing story events based on
one’s understanding in developing students’ use of scientific or everyday concepts. His work
involved using still pictures to illustrate a sequence of events incorporating materials based
on either scientific or everyday concepts. The sequence order in which story events are
narrated is a fundamental feature of stories because it can “strongly influence what is learned
and sometimes even whether the material is learned at all” (Ritter and Nerb,
2007, p. 3). This research acknowledges that the ordering and sequencing of story events
helps students to reflect on and externalise their understanding of the learning material and
teachers to identify gaps in students’ prior knowledge.

1.3 Research Objectives and Importance
Considering the above, the main purpose of this research is to explore how digital storytelling
may support students’ engagement in meaning making through externalising their
understanding of matter. Meaning making as a process involves critical thinking, sharing of
ideas and negotiation of understanding. To this aim, two digital stories were created. The first
one, SEeDS, presents the story scenes in an order that is not predefined, and the second one,
Narration, in a predefined order. This research is informed by a socio-constructivist approach
to learning and focuses on meaning making through cooperative learning settings. In doing
so, it seeks to answer the following research questions of this thesis:
13

RQ1: Whether, and, if so, how do the SEeDS and Narration activities support learners in each
of the two contexts to access, reflect upon on, and apply prior science learning?
1.1.

Whether, and, if so, how does the SEeDS activity support learners in the Greek context
to access, reflect upon, and apply prior science learning?

1.2.

Whether, and, if so, how does the ‘Narrative’ activity support learners in the Greek
context to access, reflect upon, and apply prior science learning?

1.3.

Whether, and, if so, how does the ‘SEeDS activity’ support learners in the English
context to access, reflect upon, and apply prior science learning?

1.4.

Whether, and, if so, how does the ‘Narrative activity’ support learners in the English
context to access, reflect upon, and apply prior science learning?

RQ2: Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of
peer talk that research suggests can support science learning in each of the two contexts?
2.1

Whether, and, if so, how does the SEeDS activity facilitate the types of peer talk that
research suggests can support science learning in the Greek context?

2.2

Whether, and, if so, how does the ‘Narrative’ activity facilitate the types of peer talk
that research suggests can support science learning in the Greek context?

2.3

Whether, and, if so, how does the SEeDS activity facilitate the types of peer talk that
research suggests can support science learning in the English context?

2.4

Whether, and, if so, how does the ‘Narrative’ activity facilitate the types of peer talk
that research suggests can support science learning in the English context?

RQ3: Whether, and, if so, how do the SEeDS and Narration activities engage and challenge
learners in the two contexts?
3.1

Whether, and, if so, how does the SEeDS activity engage and challenge learners in the
Greek context?

3.2

Whether, and, if so, how does the Narration activity engage and challenge learners in
the Greek context?

3.3

Whether, and, if so, how does the SEeDS activity engage and challenge learners in the
English context?

3.4

Whether, and, if so, how does the Narration activity engage and challenge learners in
the English context?
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The importance of this research lies in the fact that it focuses on meaning making in science
learning and uses contemporary digital tools to design a socio-constructivist learning activity
based on story-sequencing. The choice of a socio-constructivist approach as the framework
of the design is based on the use of talk as a dialogic process (Mortimer and Scott, 2003) and
the notion of problem-based and cooperative learning in the negotiation of meaning (ChangWells and Wells 1993). Exploring the use of digital storytelling in science can help to develop
a teaching/learning model that will engage students in the process of meaning making, guide
future research and inform teaching practice in the science classroom and beyond.

1.4 Thesis Overview
This thesis is divided into eight chapters. The first chapter is the introduction of the thesis, in
which the structure of the research study is presented.

The second chapter, Learning as a meaning making process, focuses on the importance of
meaning making in developing knowledge and indicates how the sequencing of events in a
digital story can best achieve it. Chapter 2 is divided into three sections. The first section
discusses meaning making in learning as framed within a socio-constructivist approach to
learning, drawing on the pedagogical models of problem-based and cooperative learning. The
second section connects meaning making to storytelling and highlights the importance of
sequencing the story events in engaging students in meaning making. The last part of this
chapter discusses the role of mobile technology in support of digital storytelling and
acknowledges the differences between digital story-making and story-retelling.

The third chapter, School science and tricky topics, critically examines science as a school
subject across the educational backgrounds of Greece and England. Then it makes reference
to the notions of Troublesome knowledge, Threshold Concepts and Tricky Topics and how
they link to the science topic of matter. Finally, it places under scrutiny a considerable body
of research investigating students' alternative ideas about matter, seeking to identify any
practical gaps in tackling it.
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The fourth chapter, The Method of Creating the Two Digital Storytelling Activities, describes
the methodological procedure followed from the design to the implementation of the two
digital storytelling activities.

The fifth chapter, Research Methodology, sets out the methodological approach used to
achieve this research's objectives. The methodology, including the design and methods used
to implement both the pilot and the main studies, is discussed in detail, along with issues of
sampling and data collection tools. This chapter also presents the coding and analysis of this
research's findings through qualitative research analysis.

The sixth chapter, Presentation of Findings, presents data from implementing the two digital
storytelling activities in one Greek primary school in Athens and one English secondary school
in Northamptonshire. The chapter presents episodes of team discussions from the two digital
storytelling approaches. It also shares extracts from students' digital stories to exemplify
students' engagement in the two activities.

Chapter 7, Discussion of Findings, discusses the insights gained from Chapter 6 and connects
findings to the relevant literature to address the research's three driving questions.

Chapter 8, Implications and Conclusions, summarises the main findings concerning the
objectives and the procedures followed during this research. Furthermore, it underlines the
implications of the results, both for research and practice. This chapter also points out the
research's limitations regarding the technical and other procedural and contextual difficulties
that have occurred during its implementation. Finally, the closing section is concerned with
recommendations for future research and final comments concluding the work done in this
research.
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CHAPTER 2: LEARNING AS A MEANING MAKING PROCESS
2.1 Introduction
This chapter concerns itself with the areas of theory and research related to the main focus
of this research, thus, setting its literature background. The literature review aims to critically
examine and discuss the key themes that form the basis of the research focus. More
specifically, it starts with an overview of meaning making in learning, dwelling on a socioconstructivist point of view. Then it continues with the construction of meaning through
stories before emphasising the value of the sequencing and ordering of story events in the
meaning making process. Next, it examines the role of storytelling in education. Finally, it
shifts the focus from storytelling to digital storytelling, discussing technology’s role in
supporting stories. This chapter is discussed according to four themes. The first theme defines
meaning making and acknowledges its importance in students’ learning. It particularly pays
attention to the socio-constructivist approach to learning, which focuses on learning, not
performance, viewing students as co-constructors of knowledge in a social realm (Adams,
2006b). Then, it links meaning making to problem-based learning, acknowledging its role as a
learning and teaching approach. The second theme makes reference to storytelling,
highlighting the significant role that the sequence of story events plays in externalising
students’ understanding of the learning material. Lastly, in the third theme, the focus shifts
to digital storytelling and the use of technology and reviews how digital storytelling can be
used in the (science) classroom.

2.2 Definitions of learning

To learn something means to come to know or acquire knowledge about something or do
something (Moon, 2004) through study, teaching, instruction, or experience (Clark, 2018).
Sometimes this is defined as knowing that and knowing how and relates to the notion of
skills, that is, the ability to do something (Moon, 2004) – for instance, the ability to use an
iPad to read an article, to plant a flower, to write an essay, to boil an egg. Learning starts long
before children attend school. Therefore, any learning they encounter in school has a
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previous history (Vygotsky, 1978). For instance, students begin to study science in school, but
they become aware that flowers need water to grow long beforehand. And that hot running
water in the bathroom coincides with the misting of the mirror. Therefore, when students
come to the classroom, they have already formed preconceptions about how the world
works. “If their initial understanding is not engaged, they may fail to grasp the new concepts
and information that are taught, or they may learn them for purposes of a test but revert to
their preconceptions outside the classroom” (Bransford et al., 2000, p. 14).

Learning starts in the pre-school years when children learn speech from adults (Bransford et
al., 2000) and ask questions about the things around them. In this period, children learn the
names of objects in their environment, but the words children use in their speech correspond
with the adult's words in their "object relatedness but not in their meaning" (Vygotksy, 1987,
p. 163). That means that children in the pre-school years learn and speak about the things
around them, but the words they attribute to objects do not have the concrete meaning that
corresponds to the words. If, for instance, the child first learns the word rose before the
word flower, the word may be used to refer to roses and all flowers. The older the child gets,
the better understanding they develop of new words, argued Vygotsky (1987, pp. 171-172):

"The path from the child's first encounter with a new concept to the moment when the word
and concept are made the child's own is a complex internal mental process. This process
includes the gradual development of understanding of the new word, a process that begins
with only the vaguest representation, including the child's first use of the word. His actual
mastery of the word is only the final link in this process ".

The above quote shows that the conceptualisation and understanding of a new word are
gradually developed through a complex internal mental process. The developmental process
is completed when the child is finally able to assimilate the meaning of a word. Such mastery
provides the basis for the subsequent development of a variety of highly complex internal
processes in children's thinking (Vygotsky, 1978). This is especially important for the
development of scientific and everyday concepts in school-age children, on which this chapter
will dwell in later chapters. The idea that children own the conceptualisation and
understanding of new words is part of the learner's meaning making process. It has a valuable
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place in this research that seeks to develop students' active meaning making. The extent to
which children understand something allows them to devise their way of representing it and
dealing with it, even when circumstances change (Halford, 2014).

By the time children reach primary school, they are already equipped with the ability to think
in abstract terms, make sense of the world by creating intuitive models or theories, and
experiment to develop their ideas (Duschl and Hamilton, 2011). Cognitive psychologists
suggest that young children not only have a surprising capacity and prior knowledge in select
domains, but they are also capable of reasoning about the natural and social world (Duschl
and Hamilton, 2011). Children become more adept at acquiring new ideas using their existing
network of ideas and prior experiences. There may be occurrences in which the learning
material does not just accumulate as knowledge. Still, the new material itself can change what
is already known or understood or change itself under the influence of what is already known
(Moon, 2004). In other words, children from a young age can use their existing knowledge
base and prior experiences to acquire further information, make inferences, develop
problem-solving strategies, organise memory, and enhance their learning (Halford, 2014). As
individuals begin to see learning as making sense of ideas by relating them to their previous
knowledge and experience, information becomes transformed into personal meaning
(Entwistle and Peterson, 2004). Meaning making is both an individual and a social process
enabled by the exchange of words and plays a vital role in learning. Before unfolding it in
more detail, it is worth looking at the definition of understanding and its links to the meaning
making process.

2.2.1 Learning theories: socio-constructivism
Educational theorists held different beliefs about how individuals acquire, retain, and recall
knowledge, which led to multiple learning theories (Clark, 2018). Learning theories cast light
on the complex process of learning and offer a conceptual framework around which
instructional approaches can be structured to optimise learning (Arghode, Brieger and
McLean, 2017). Learning theories are divided into three main categories: behaviourism,
cognitivism, and constructivism. Despite their overlapping features across these categories,
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their differences are often highlighted to help educators select principles and conceptions
that best fit their teaching contexts (Ertmer and Newby, 2013).

Learning in the context of behaviourism can be defined as the acquisition of new behaviour
or modification of an existing one due to teaching, training, or tutoring (Woollard, 2010).
Behaviourists view learning as a measurable change in behaviour in response to certain
external stimuli (conditioning). Behaviourism discounts thinking or other mental activities as
part of the learning process because these variables are not observable behaviours (Clark,
2018). Although behaviourists fail to consider any mental activity, other educationalists
consider these processes as fundamental elements of learning and cognition. In consequence,
further learning theories, among which cognitivism, were developed. Unlike behaviourism,
the theory of cognitivism values the role of mental activities – thinking, remembering,
perceiving, interpreting, reasoning and problem solving – in the learning process (Clark,
2018). Cognitivism emphasises the acquisition of knowledge using internal mental processes
that stress information storage, processes, and retrieval (Arghode et al., 2017; Ertmer and
Newby, 2013). The cognitivist learning perspective embraces the notion of schemata – a unit
of knowledge, understanding and skill, stored in long-term memory – that the individual uses
points of reference when encountering new phenomena or experiences (Clark, 2018). One
similarity that both behavioural and cognitive theories share is to consider the world as
external to the learner and, thus, “the goal of instruction is to map the structure of the world
onto the learner” (Ertmer and Newby, 2013, p. 54).

On the contrary, the theory of constructivism does not concur that knowledge is independent
of the learner. Learners actively construct their understanding of the world based on their
existing knowledge, experiences, and interactions with the environment. As such, meaning
is constructed instead of acquired, and there is not one but multiple understandings of the
world. Constructivism sees learning as meaning making, not as a direct outcome of the
teacher transmitting the knowledge. As Wells (1995) argues, someone reading a science text
brings his existing knowledge to link with the new information and construct the meaning.
Constructivist approaches to learning seek to understand how students build their knowledge
and what this means for understanding influences on thought processes (Adams, 2006b). In
other words, in a constructivist designed learning environment, students must make sense of
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the learning material based on the active interpretations of ideas they encounter in many
sources, such as teachers' lessons, books, television and the Internet (Osborne and Dillon,
2010). That is not always possible in practice because if students fail to understand or
inadequately synthesise previous information, they will not interpret new knowledge
sufficiently. Therefore, it is important that teachers both understand and accept that each
learner constructs knowledge differently and that these differences stem from the various
ways in which individuals acquire, select, interpret, and organise information (Adams, 2006a).
This constructivist perspective holds a valuable place in this research, informing the design of
its proposed activities.

While constructivism promotes a more learner-centred approach, the socio-cultural learning
theory (Vygotsky, 1962) views the construction of knowledge as achieved through social
interaction. Language and discourse play a fundamental role in shaping meanings
(Alexopoulou and Driver, 1996). At the heart of Vygotsky's perspective on development and
learning is that learning originates in social situations, where ideas are rehearsed between
people mainly through talk (Mortimer and Scott, 2003). Student talk plays a vital role in
facilitating learning because it offers interlocutors the opportunity to construct new ways of
understanding through a collaborative negotiation of shared ideas and opinions (Ertmer and
Newby, 2013; Simons et al., 2000). Studies investigating the social processes of knowledge
construction in group settings reveal that when peers negotiate meaning about a topic, they
concurrently negotiate their interaction on the social plane (Simons et al., 2000; Howe et al.,
1990). That, in turn, involves students' attitudes and behaviours that depend on a variety of
social and contextual factors that operate in school classrooms (Myles, 2013). This research
will not concern itself further with these factors, as it does not aim to take a sociological
stance by examining students' socio-cultural backgrounds.

Vygotsky’s (1987) socio-cultural theory also highlights the importance of context in relation
to learning. Context, also known as an “approach setting, provides the medium in which
students discover meaning through social encounter; these encounters enable students to
become familiar with the nuances of their contexts and gain assistance with problems beyond
their competence” (McDrury and Alterio, 2003, p. 28). The emphasis that Vygotsky places on
the social context of thinking stresses how the contexts in which individuals operate or
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connect impacts their learning potential (McDrury and Alterio, 2003) significantly. Through
the social process, learners co-define and co-create knowledge of the community that is
context/domain-specifically meaningful and connected with their experience (Mahnaz, Hung
and Dabbagh, 2019). Learning is, thus, an experience-meaning construction process.

Social constructivism includes elements from the constructivist and sociocultural approaches
and views knowledge construction as the product of social interaction, interpretation and
understanding (Vygotsky, 1962). Some of the work most closely tied to social constructivism
comes from Vygotsky (1978) and Bruner (1986). Their work suggests that knowledge creation
is inseparable from the social environment in which it is formed. Learning, therefore, is
considered a process of active knowledge construction (Woolfolk, 1993) within and from
social forms and procedures. That means that learners first encounter ideas in the social
environment, mainly in the language (Osborne and Dillon, 2010). Due to the mediatory
features of the language and other forms of communication, knowledge is first formed on the
interpersonal (social) and then the intrapersonal (individual) level (Vygotsky,1978). The role
of knowledgeable others, such as teachers or more capable peers, becomes one of guiding
learning experiences through questions and stimulating discussion (Osborne and Dillon,
2010). Such guidance is defined as scaffolding (Wood et al., 1976).
“Teachers should observe and listen to how students describe their work and their reasoning
through the use of suitably phrased, open-ended questions, and set tasks that require
students to use skills and apply ideas which employ a variety of communicative methods...
What all this provides for are spaces and instances of and for active co-construction of
meaning and understanding. The mutually reinforcing nature of open-ended, ‘exploratory’
talk provides mechanisms and opportunities for individual reflexivity within a context that
actively desires and operates to mediate knowledge construction into the social space. The
most obvious reform required then is the devising of more open-ended tasks that require
students to think critically, solve complex problems and apply their knowledge in and to their
own world …”

(Adams, 2006b, p. 74)

This cited quote indicates the principles of teaching practice in a socio-constructivist learning
setting. Students' reasoning and discussion with teachers and peers provide the means for
constructing meaning and understanding. At the same time, exploratory talk promotes critical
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thinking and the sharing of knowledge in the social space. Critical thinking requires students
to interact vigorously and critically with the content (Entwistle, 2018; Entwistle and Ramsden,
1983). Students need to employ, thus, a deep approach to learning that shifts away from the
requirements of test and exam questions found in superficial and rote learning. At the same
time, teaching must not be merely concerned with prescribed performance targets that
supplant cognitive development.

In the social constructivist learning environment, teachers shift their focus beyond
performance and test results and concentrate on what should be at the heart of the
educational process: learning and learner. Assessment is framed within the norms of current
teaching, and it "seeks to consider how and why student positions do not successfully mediate
into the social domain; that is, how and why student responses do not fit with current socially
agreed interpretations" (Adams, 2006b, p.252). Therefore, instead of measuring students'
performance in terms of absolute rightness and success or failure in a test situation,
assessment should be based on improving students' interpretation of the learning material.
As Silcock (2003) states, students learn through their efforts, and all teachers can ever do is
arrange opportunities for students to engage profitably with curricula. Despite the promising
character of the socio-constructivist approach to learning, its practical application in teaching
and learning environments is limited (Adams, 2006 a,b). Most schoolteachers continue to
judge performance by test results, focusing thus on the assessment of learning than on
learning. This research differentiates itself from traditional teaching approaches that appear
to be student-centred but are teacher-driven. It proposes a novel approach that engages
students in active co-construction of meaning and critical thinking. It will also provide
teachers with the opportunity to use assessment as a dynamic process of uncovering and
acknowledging shared understanding (Adams, 2006b).

2.2.2 Learning as a meaning making process
In a socio-constructivist learning environment, learning becomes “the development of
personal meaning more able to predict socially agreeable interpretations” (Adams, 2006b, p.
246). As such, it is inseparable from the social exchange process. That is, the meanings of any
signs and operations, such as language, gestures, symbols and so on, result from an
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interactive process that an individual and others mutually experience, understand, agree
upon, and eventually establish (Vygotsky, 1978). In this social interaction process, knowledge
construction occurs through negotiating meaning and observing others in this social group
(Mahnaz et al., 2019). The collective understanding about a topic is then internalised into
individuals’ knowledge base (Mahnaz et al., 2019). That is, learners make meaning on an
individual level by relating the new learning material to their current cognitive structure
(Pardoe, 2000).

Interpreting and negotiating information while sharing it with others is an essential element
of meaning making. Meaning is constructed instead of acquired, resulting in multiple
understandings of the world. It is socially constructed through the moment-to-moment
actions and interactions of the actors (Osborne, Erduran and Simon, 2004) and takes place at
two levels, individual and collective. “At the collective level, meaning making shapes and is
shaped by the ways individual children make sense of ideas and engage in transactions with
each other and the teacher. During these transactions, the discourse that unfolds is a critical
semiotic tool for meaning making” (Varelas et al., 2007, p. 68).

How meanings are constructed in school science, differ from how other communities create
meaning (Young and Nguyen, 2002). Meaning-making in science is about understanding core
scientific values (Taber, 2008) and being able to use the strategies it offers for thinking about
the world (Richmond and Striley, 1996) and for applying them in practical contexts. Engaging
in the process of meaning making entails an exchange of ideas between students while they
work cooperatively. Therefore, students need to have the opportunity to collaboratively
make sense of the topic and exchange different interpretations and perspectives of the topic
(Mahnaz et al., 2019). That can lead to explicit or implicit cognitive conflict, whose resolution
results in constructing higher forms of reasoning (Bearison, 1982, p. 203). One way of
engaging in meaning-making in science is through problem-based learning, described next.

2.2.3 Problem-based learning
The socio-constructivist perspective emphasises the student-centred learning process, in
which the teacher acts only as a guide, as the focal point of contemporary education systems
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(Akinoǧlu and Tandoǧan, 2007). This learning process becomes a personalised process, as the
learner takes responsibility for their learning. Here, the skills of problem-solving, critical
thinking and learning to learn are developed (Akinoǧlu and Tandoǧan, 2007). One way of
helping students to utilise their knowledge from various sources and develop their reasoning
skills within a discipline area is problem-based learning (Peterson and Treagust, 1998).

Problem-based learning shares the same acronym (PBL) as project-based learning, but PBL
only refers to problem-based learning in this thesis. The two instructional methods are
frequently confused as they share the same learning principles, like learning by doing,
student-centred learning (Gong, 2017), achieving a shared goal through collaboration and
social interaction (Kokotsaki, Menzies and Wiggins, 2016). They are sometimes practised in
combination (Gong, 2017; Gao, 2012). Nevertheless, their differences are not negligible. PBL,
as the name suggests, typically starts with a problem and ends with a corresponding solution
(Gao, 2012). By contrast, project-based is mainly task-oriented, provided through authentic
questions and problems within real-world practices (Al-Balushi and Al-Aamri, 2014) and aims
to construct an end product, a ‘concrete artefact’ (Helle et al., 2006). In other words, projectbased learning needs to culminate in an end product (Kokotsaki, Menzies and Wiggins, 2016)
instead of PBL, which primarily focuses on the process of learning.

Problem-based learning is rooted in Dewey’s “learning by doing and experiencing” principle
(Dewey, 1938). Dewey’s work on education focused on understanding learning as an
experiential process that connects with one’s lived experience; this is what is often referred
to as “learning by doing” (Mahnaz, Hung and Dabbagh, 2019). Experiential learning, for
Dewey, needs to be triggered by a problem, understood as an unclear situation or
phenomenon in need of an explanation (Dewey, 1933). The word problem derives from the
Greek problēma, which means obstacle. From a cognitive perspective, the problem is
considered a question to be resolved (Jonassen, 2011). As used in this thesis, the word
problem refers to an issue that is uncertain and so must be examined and solved. When a
problem is ill-structured, students have to develop the ability to identify the problem and set
parameters for developing a solution (Mahnaz, Hung and Dabbagh, 2019).
On the other hand, argue the authors, learners are less motivated and less invested in
developing a solution when a problem is well-structured. However, learners may have a
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different view in practice, favouring well-structured problems with a single answer, requiring
less thinking. This tendency reflects surface teaching approaches based on the transmission
of knowledge rather than nurturing students’ critical thinking and problem-solving skills
(Adams, 2006b).

Problem-based learning (PBL) represents a paradigm shift in how learners view knowledge,
learning, and instruction (Mahnaz, Hung and Dabbagh, 2019) through facilitated problem
solving (Hmelo-Silver, 2004). The ultimate goal is to change learners’ mindsets beyond the
surface level. As Ovens et al. (2011) point out, there is a prevalent view that learning depends
largely on the effectiveness of the instructors’ transmission, and it is the instructors’
responsibility to deliver the information in better ways. When presented with ill-structured
problem scenarios, which enclose vague goals, insufficient information and various
constraints (Jonassen, 1997), learners often feel lost or helpless. That is because they have
been so used to being spoon-fed through lectures and note-taking, as they have experienced
in traditional learning environments” (Mahnaz, Hung and Dabbagh, 2019, p. 370). The
problems used in PBL instructional approaches tend to be complex, challenging, and openended and have both multiple solutions and multiple paths or procedures to follow (Ertmer et
al., 2009). Their solution depends on how deeply learners engage in choice-driven inquiry
(Barell, 2007), autonomous decision-making, and higher-order thinking.

PBL is mainly applied in medical and postsecondary education, aiming to develop learners’
abilities to apply their knowledge in real-world settings by working collaboratively on
meaningful problems (Merritt et al., 2017). Although PBL methods have been used in primary
and secondary learning (Song, 2018; Siew et al., 2017; Leuchter, Saalbach, and Hardy, 2014;
Chen and Chen, 2012; Potvin et al., 2011), more research is needed to determine the impact
of PBL on student learning in educational settings (Rico and Ertmer, 2015) (see next section
2.2.3.1).

In PBL, teachers and tutors act as facilitators of the learning process rather than as providers
of knowledge (Hmelo-Silver, Bridges and Mckeown, 2019). They are responsible for
facilitating students’ learning and promoting effective group functioning by encouraging
active participation of all members, monitoring the quality of learning and intervening where
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necessary (Mahnaz, Hung and Dabbagh, 2019). Teachers are also expected to have an active
role in the scaffolding of student learning by providing a framework that students can use to
construct knowledge on their own (Mahnaz, Hung and Dabbagh, 2019). The roles of the
teachers as facilitators in the PBL instruction often involves distributing worksheets, leading
discussions, or helping students determine how to search necessary information (Leuchter,
Saalbach, and Hardy, 2014; Inel and Balim, 2010). For instance, in the study of Leuchter et al.
(2014) with lower elementary students, teachers were encouraged to provide verbal support
and ask questions to advance observation, comparison, and the interpretation of data, as well
as the deduction and verification of hypotheses and arguments (Merritt et al., 2017). That is
not the case in this research, as participants will be initially guided through the technicalities
of the problem-based activity by their teacher before they take full responsibility for solving
the problem. Teachers need to act more as facilitators than guiders throughout the learning
process in the PBL instruction so that students take ownership of the process and learn from
it.

Table 1 below summarises the characteristic features of Problem-based Learning, as they are
discussed thus far.
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Table 1: Summary of the defining features of PBL (Mahnaz, Hung, and Dabbagh, 2019, pp. 88)

Problem-based learning (PBL) is linked to meaningful, experiential learning (Hmelo-Silver,
2004). It is a constructivist, student-focused approach that promotes reflection, skills in
communication and collaboration (Yelland, Cope and Kalantzis, 2008). PBL is well-suited to
helping learners develop strategies and construct knowledge (Hmelo-Silver, 2004). The
general pattern for instruction within PBL starts with a small group of students presented with
a problem (in the content domain and aligned with the larger curricular goals); this problem
is complex and does not have a single correct answer; students work collaboratively in small
teams to identify what they need to learn to solve the problem; students take responsibility
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for the path or procedure followed to research answers to the learning issues; students report
back to the group on their research results and apply their new knowledge to the problem;
the student teams develop and present their proposed solution to the problem, and conclude
the activity by reflecting on what they learned and the effectiveness of the strategies
employed (Mahnaz, Hung and Dabbagh, 2019). This research situates itself in the tradition of
PBL as the elements of ill-structured problems, collaborative work and students’ being
responsible for owning the learning process fit well the purpose of meaning making in a socioconstructivist learning setting.

2.2.3.1 Problem-based learning in science
Drawing on the socio-constructivist perspective, the PBL model helps students engage in a
meaning-making process while promoting reflection and communication and collaboration
skills (Yelland, Cope and Kalantzis, 2008). Problem-based learning places students in the
centre of the teaching approach that involves solving unclear but genuine problems –
including story problems (see section 2.2.3.1). Science involves natural phenomena, such as
a thunderstorm or a skier’s movement over a mountain slope, that are represented as
problems or as puzzles because they are not easy to relate, are counterintuitive, or may hide
an element of surprise (Mahnaz et al., 2019). Students work on such problems in small
groups, discuss them using their prior knowledge and try to construct a tentative theory that
explains the phenomena or events described in the problem-at-hand in terms of its
underlying principles or mechanisms (Mahnaz et al., 2019). During this first analysis of the
problem, students propose hypotheses that may be inaccurate, superficial, or mistaken. Still,
they represent the conceptions that students hold—or even collaboratively construct—about
the world (Mahnaz et al., 2019). Teachers need to allow students’ misconceptions to be
expressed because this has facilitated remediation through the confrontation with new, more
accurate conceptions (Dole and Sinatra, 1998; Chinn and Brewer, 1993).

In PBL settings, students are confronted with real-life scenarios or other contextualised
problems that require a solution. These problems are “often ill-defined and messy, so there
is no clear path or procedure to follow” (Etherington, 2011, p. 54). A number of studies
examining problem-based activities in science learning have shown an improvement
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in students’ inquiry learning skills (Chen and Chen, 2012), problem-solving competency (Song
2018), scientific creativity (Siew, Chin and Sombuling, 2017), scientific reasoning (Leuchter,
Saalbach and Hardy, 2014), collaboration skills (Song, 2018; Potvin, Mercier, Charland, and
Riopel, 2012; Inel and Balim, 2010) in comparison to traditional teaching methods.

For instance, Song (2018) used a mixed research method (pre- and post-tests, student focus
groups, students’ reflections, and group artefacts) to examine fifty-three upper primary
students’ (12 – 13 years old) collaborative problem-solving competency in a project-based
science learning with productive failure (PF) instructional design using iPads and laptops.
Findings from the study showed an improvement in students’ understanding of conceptual
knowledge, production of better-quality group artefacts, a positive attitude towards the
challenges from the project-based learning process, and a sense of ownership of student
learning. The outcomes from Song’s (2018) study imply that PF instructional design is
beneficial to developing primary students’ collaborative solving competency in science
learning in a seamless learning environment. The current research borrows the idea of
primary students’ collaboration in science learning using iPads. Still, it does not limit itself to
assessing students’ problem-solving competency through a matrix of collaborative problemsolving skills. It neither aims to evaluate students’ improvement of conceptual knowledge
through standardised tests before and after the intervention. This research differentiates
itself in that it aims to explore students’ engagement in a problem-based science learning
activity without focusing exclusively on the amount of scientific reasoning that students
produce. Doing so aims to identify students’ understanding (or misunderstanding or lack) of
existing knowledge as they interact in a collaborative setting.

Αnother example comes from the study of Siew, Chin and Sombuling (2017), who used quasiexperimental pre-test and post-test control group design to explore the effects of PBL with
cooperative learning method on two hundred and sixteen six-year-old preschoolers five trait
dimensions (Fluency, Originality, Elaboration, Abstractness of title, and Resistance to
premature closure) of scientific creativity. Findings from their study suggested that the
combination of PBL with the cooperative learning method had a significantly positive impact
on fostering preschoolers’ trait dimensions of scientific creativity as opposed to two other
methods, the PBL and Hands-on. The contribution of Siew, Chin and Sombuling’s (2017) study
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is valuable to the design of this research, which also relies on the use of the PBL with
cooperative learning method to explore students’ understanding of scientific concepts.
However, the study has some limitations, as it focuses on preschoolers’ solutions to a set of
six real-world problems by evaluating their answers in tests before and after the intervention.
That leaves a gap in examining older students’ solutions to problems related to scientific
concepts. Also, the quantitative methodologies used in the study do not provide a thorough
insight into the cooperative engagement of students. This research seeks to address these
limitations by first exploring primary and early secondary students’ problem-solving in science
learning, and providing a qualitative analysis of students’ interaction whilst working
cooperatively to implement a science activity.

Leuchter, Saalbach and Hardy (2014) used pre-test and post-test instructional design to
examine two hundred and forty-four primary students’ (4 – 9 years old) conceptual
understanding of scientific concepts (floating and sinking) and scientific reasoning in a
problem-based context. The study aimed to provide adequate support for conceptual
development and facilitate processes of scientific reasoning by providing a learning
environment that contained scaffolds in terms of(a) task features (e.g. sequencing,
comparisons) and (b) a problem-based learning context. For example, each student could
work on the task by being encouraged to do experiments with the given materials, using a
worksheet as an experimental protocol. The results revealed a decrease in students’
misconceptions from pre-test to post-test and the production of significantly more correct
reasoning about the processes of floating and sinking of solids and hollow bodies. Although
the study highlights the valuable role that scaffolding plays in improving young students’
understanding of scientific concepts and their scientific reasoning, it has some serious
limitations. First, it uses measurable methodologies to assess students’ understanding of
scientific concepts in terms of success or failure, failing to acknowledge the former’s
interpretation of the learning material. Second, the use of continuous scaffolding does not
provide many opportunities for students to scaffold their understanding through the
immediacy of shared interrogation both with and by peers (Adams, 2006a). Seeking to
address these gaps, this research will primarily use a qualitative approach to explore students’
interpretation and externalisation of understanding; then, it will provide any scaffolding to
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students, giving them time to think independently and interact actively with their peers to
shape their understanding.

Chen and Chen (2012) offered technology-based PBL instruction to ninety-six 7th graders (12
years old) through an instructional website including news, resources, courseware,
simulation, and evaluation. The purpose of their experimental study (pre-test and post-test)
was to determine the impact of instruction on learner performance, attitude toward science,
and inquiry ability. To do so, students were required to gather necessary information from
the material presented and collaboratively solve the problem as given by following a step-bystep problem-solving procedure (e.g., representation of problem(s), development of
solutions, and monitoring and evaluation of a plan of action) (Chen and Chen, 2012). The
results reported no statistical difference in the science performance of the treatment groups.
Students had more positive attitudes toward learning science, and their inquiry abilities were
higher than those in the control group. While the study of Chen and Chen (2012) offers
valuable evidence in support of PBL learning settings, their methodological approach focuses
on judging performance by test results. That leaves a gap for more in-depth research that
focuses on assessment for learning, not of learning, which this research will aim to address.

Potvin, Mercier, Charland, and Riopel (2012) examined eight hundred and seventy-five
thirteen-year-old students’ conceptual development in a PBL learning environment. In an
experimental design of pre-test and post-test type, students were required to solve twenty
tasks about electricity after being given video instructions about how to plug the source, link
up wires, and avoid short-circuits. The study’s outcome revealed that students from the
experimental group performed significantly better in the tests than their peers from the
control group. They also benefited more from the interaction with their peers, especially
hearing about the latter’s conceptions, regardless of those being right or wrong (Potvin et al.,
2012). That study highlighted the importance of peer interaction in constructing shared
understanding, a perspective that the current research shares. However, it failed to explore
the exchange of ideas during students’ interaction and how that might affect students’
understanding of electricity. This research seeks to emphasise how students’ collaborative
interaction can shape their understanding of scientific concepts.
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Inel and Balim (2010) investigated the impact of the problem-based learning approach in
science and technology teaching upon upper primary school students’ construction levels for
science concepts. Forty-one 7th grade students participated in the semi-experimental design
study, completing pre-tests and post-tests. The results revealed a significant difference in
favour of the experimental group on students’ scores on the academic achievement test and
concept construction levels. The study enriched evidence supporting the PBL approach in
improving students’ understanding of science concepts. Still, it failed to examine how
students’ collaborative interaction might have impacted their construction of science
concepts. The current research aims to address this gap using a qualitative methodology to
investigate students’ collaborative interaction.

While the studies mentioned above provide rich empirical evidence about the impact of PBL
learning environments on students’ performance in and improvement of science knowledge,
they share one major limitation: they focus on examining test scores before and after an
intervention but fail to investigate students’ collaborative interaction, during which students
share, negotiate, and interpret existing and sometimes contrasting information (Vygotksy,
1987).

Additionally, in many studies (Song, 2018; Chen and Chen, 2012; Potvin et al., 2012, Inel and
Balim, 2010), participants were 12 years old and above. In one (Leucther et al., 2014), they
were between four to nine years old and in another one (Siew et al., 2017) they were preschoolers - under the age of 6 years old. That leaves a gap for research examining 10- to 12year-olds’ collaborative interaction to implement a science task in a PBL setting. Although
there might be some doubt about the ability of primary students to engage in PBL,
considerable research has shown their potential to solve ill-structured mathematics problems
(Lesh, English, Riggs, and Sevis, 2013), suggesting the feasibility of applying PBL at these levels.
Aiming to address the limitation, this research focuses on the upper two grades of primary
school students (ages 10 -12), using an in-depth approach through qualitative methods.

Also, few of the studies identified here (Potvin et al., 2011; Inel and Balim, 2010) indicated
that PBL had a positive impact on older primary students’ development of reasoning and
application skills as well as on their understanding of scientific concepts. What they did not
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account for, however, was the explanatory process in peer talk that underpinned students’
reasoning, which means that students’ understanding of scientific concepts can be found in
their reasoning for their answers and not the answers themselves (Driver, 1983). That
highlights again the need for more qualitative research, which will provide insight into the
discursive process of primary students as they engage in problem-solving activities.

Despite the number of studies identified above showing the effectiveness of PBL in science
learning, there is not enough empirical evidence to support storytelling in problem-based
contexts (see next section 2.2.3.2). This research will design a story problem to help students
externalise their understanding of science concepts to address this issue. It also aims to guide
teachers on how to implement PBL activities involving story tasks in the actual science
classroom.

2.2.3.2 Problem-based stories (story problems)
Story problems are the most common problems students encounter in formal education and
the most extensively researched (Jonassen, 2011). Students start solving story problems in
early elementary school and frequently encounter them through graduate school (Jonassen,
2011). From mathematical calculations (“How many apples does Mary have?”) to literary
analysis (“What does the author imply?”) to scientific experiments (“Why and how does this
happen?”) to historical investigation (“What took place, and why did it occur that way?”),
students learn how to answer questions and solve problems (Delisle, 1997).

Classrooms are places where stories are told either through textbooks or through teachers
that tell stories about the subject matter they teach. These stories organize the curriculum
material, and teachers tell them as explanations or illustrations of a larger idea
(Gudmundsdottir, 1991). Teachers often use stories in their classrooms to solve a usual
teachers’ problem: how to translate ‘knowing into telling’ (Whyte, 1981). Stories result from
a narrative way of knowing, suggests Gudmundsdottir (1991). According to Bruner (1986),
there are two fundamental ways of knowing. One is the ‘paradigmatic’ way, the search for
universal truth conditions, which is primarily the natural and physical sciences domain. The
paradigmatic mode is, in its nature, logic, scientific, and based on reasoning (Murmann and
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Avraamidou, 2014). The other fundamental way to perceive and know about the world, as
Bruner (1986) proposes, is the ‘narrative’, which looks for connections between events. The
narrative mode is sequential, action-oriented, detail-driven, and influenced by feelings and
emotions (Murmann and Avraamidou, 2014), and it is the default mode of thinking (Bruner,
1986). “Narrative ordering makes individual events comprehensible by identifying the whole
to which they contribute and the effect one has on another” (Bruner, 1986, p. 13).

To solve story problems, learners must demonstrate a conceptual understanding of the
problem types by constructing a conceptual model and applying solution plans based on that
model (Jonassen, 2011). Conceptual models, also known as problem schemas, are defined as
mental representations of the pattern of information represented in the problem (Riley and
Greeno, 1988).

Problem schemas contain “semantic information and situational information about the
problem associated with the procedures for solving that type of problem” (Jonassen, 2011, p.
242). There is a dearth of research examining the use of story problems and storytelling in
PBL instruction. Specifically, the nature of problems provided in many studies includes
scenario- or case-based problems, according to the grade level it targets. For example, in Araz
and Sungur’s (2007) study, students had to deal with case-based, ill-structured problems by
brainstorming and generating ideas related to the problems to identify issues involved in the
cases. Teachers gave students guidelines for approaching the case problem and took
responsibility for what they learned and how (Araz and Sungur, 2007). In the study of
Leuchter, Saalbach, and Hardy (2014), described previously, participants were given
structured and clear access to the problem by doing experiments with available materials.
None of these studies involved story problems, despite the similarities that can be found
between case or scenario-based and story problems. Both story and case/scenario-based
problems involve a given scenario [plot] which contains critical pieces of information needed
to solve the case or problem. Both approaches require the learner to analyse and evaluate
the evidence provided, determine the accuracy of the given information, seek additional
information to validate or refute or extend that information, and then deliver a written or
oral response to the questions posed by the instructor that articulates clearly their thinking
about the problem (Mahnaz, Hung and Dabbagh, 2019).
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Where the two approaches differ is in the learning setting adopted – the case or scenariobased learning is more teacher-centred than the story-based one, which is student-centred.
Specifically, when learners work on a case or scenario, either alone or in groups, they have to
apply what they previously learned to the specific circumstances as delimited by the
information provided in the case (Mahnaz, Hung and Dabbagh, 2019). By narrowing “the
scope of the information provided and specifying the questions to be answered, the designer
of the case is intentionally leading the learners to arrive at a predetermined solution”
(Mahnaz, Hung and Dabbagh, 2019, p. 89). On the contrary, with story-based problems,
learners have to use and apply their existing knowledge to synthesise a story of their own
while providing a solution to its problem, demonstrating thus their understanding of the
acquired information. In sum, cases or scenarios present complex yet well-structured
problem situations that contrast with the ill-structured problems that drive the learning
process in story-based approaches. This research will concern itself with ill-structured story
problems.

Overall, stories and story problems are used in everyday lives and serve to communicate
understandings, experiences, and events (Avraamidou and Osborne, 2009). In recent years,
stories have gradually gained increasing interest as a means for communicating science, with
many researchers proposing their use as learning tools in science education (Murmann and
Avraamidou, 2014). This issue will be discussed extensively in upcoming sections.

2.2.4 Collaborative Learning
The most broadly used definition of collaborative learning is a construction of shared
understanding through interaction with others. The participants are committed to or engaged
in shared goals and problem-solving (Dillenbourg, 1999; Littleton and Häkkinen, 1999;
Roschelle and Teasley, 1995). In addition to the construction of shared understanding,
collaborative learning commonly refers to the co-construction of knowledge (Baker, 2002),
negotiation of shared meaning (Pea, 1993), construction of common knowledge (Crook,
2002), exploratory talk (Mercer, 1996) and many more. Collaborative learning is mainly
characterised by mutual goals, division of labour, role interdependence, and group rewards
(Johnson and Johnson, 1983). It can take a variety of formats, depending on the degree of
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coordination among the group members (Arvaja and Häkkinen, 2010). For example, students
may have shared task alignment, in which the activity is organised around joint problemsolving efforts (Barron, 2003), such as in the case of this research. That involves sharing and
expanding each other’s ideas instead of individual solutions until a common ground is reached
(Barron, 2003; Clark, 1996). Azmitia (2000) found that collaborative learning settings relying
on problem-solving tasks that had one correct solution or could be solved through systematic
hypothesis testing resulted in a smooth collaboration emphasising cognitive development.
However, collaboration was more stressful in more open-ended and ill-defined problems
because there was no clear script on how to proceed Azmitia (2000). As it appears,
collaborators’ interaction and their personalities and relationships play an important role in
managing collaboration (Arvaja and Häkkinen, 2010). This research will concern itself with the
interaction among collaborators working through an open-ended and ill-structured problem.

Collaborative learning environments promote "active involvement in learning and reciprocal
interaction among students" (Nastasi and Clements, 1991, p. 112). When students work
together to solve complex tasks with an ill-defined problem, they are more likely to exchange
ideas and information (Arvaja and Häkkinen, 2010). They can also use higher-level reasoning
strategies, such as category search and retrieval and formulation of equations from story
problems (Nastasi and Clements, 1991). Thus, students take responsibility for every step of
the task, selecting the steps for its solution. Ill-structured problems that do not have a single
correct answer can be featured as group tasks (Clark, 1994). They elicit knowledge from a
wide subject domain and increase the possibility of many participants contributing to the
discourse (Arvaja and Häkkinen, 2010). By contrast, single individuals can often accomplish
problems with one identifiable correct answer ( Chizhik, 2001). The interaction will naturally
be more like helping each other understand concepts without a need for deeper-level
discourse (Arvaja and Häkkinen, 2010).

Working together in ill-structured problem-based tasks provides students with opportunities
to think about new ideas (Linn and Eylon, 2006); resolve opposing views (Amigues, 1988);
explain one's thinking (Webb et al., 1995); receive explanations, and make critique (Chi,
2008). In such collaborative settings, engage students in constructing meaning because
participants bring along their existing ideas to meet the new ideas presented in the talk
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(Mortimer and Scott, 2003). There can often be occasions when there is no tension between
existing and new ideas and learning progress smoothly for the individual. At other times,
conflicts may arise that need to be resolved if new and existing ideas are integrated. In either
case, the collaborative benefits students gain from being grouped varies according to their
attainment level. For example, studies about short-term collaboration show that group work
leads to better problem-solving and learning outcomes (Barron, 2003; Webb and Palincar,
1996) and improved performance (Azmitia, 2000). Other studies in collaborative learning
suggest that students learn better in groups of similar than asymmetrical attainment levels
(Light, 1993). And there are those pointing out that mixed-attainment groups are better
because the low-attainers benefit the most from the interaction with the high attainers
(Zohar, 2008).

On the other hand, middle-attainment students appear to learn better in homogenous or
narrow-range heterogeneous groups (i.e., either with low- or high- attainers, not both)
(Nastasi and Clements, 1991). Hogan et al. (1999) propose that groups must be
heterogeneous in existing knowledge and thinking skills. The more peers talk about
conceptual issues in their groups, the higher reasoning levels they reach. That suggests that
elaborating on each other's ideas relates to sophisticated reasoning. However, it is important
to note that students' working together does not necessarily imply that all group members
benefit the same by the end of the task. Hatano and Inagaki (1991) pointed out that the
information team members use to solve a given problem does not coordinate into a new
piece of knowledge in each member's head. Sampson and Clark (2008) also argued that group
outcomes are not merely the sum of individual abilities but group interaction processes. Thus,
the implementation of collaborative learning involves more than having students work in
groups. Students must learn from each other, utilise each other's skillsets and resources, and
share experiences that may benefit the entire group. However, these approaches (Sampson
and Clark, 2008) have not been fully translated into effective teaching processes – an issue
that this research seeks to address.
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2.2.5 Thinking together – types of student talk during collaboration
According to Vygotsky (1962) and the notion of socio-constructivism, language has three
essential functions: as a cognitive tool for knowledge processing; as a social or cultural tool
for sharing knowledge amongst people; and as a pedagogic tool for intellectual guidance
between individuals (Mercer et al., 1999). Among peers and adult guidance, the social
experience of language use shapes individual cognition and thinking (Mercer et al., 1999). In
essence, language is the tool for mediating thought. It is only through shared actions and
communication with others that students can internalise practices and discourse features
(Vygotsky, 1978) and transform them into aiding learning tools. One type of language that
promotes learning is what Mercer (1996) states as exploratory talk. This talk represents "a
joint, coordinated form of co-reasoning in language, with speakers sharing knowledge,
challenging ideas, evaluating evidence and considering options in a reasoned and equitable
way" (Mercer and Howe, 2012, p. 16).

The work of Mercer, Wegerif and Dawes (1999) focused on training students how to use
language to respect all group members and ensure that everyone speaks and explains their
thoughts. Their findings reveal that when learners receive this sort of exploratory talk, they
perform better on science tests. With the focus on how teachers can train students to use
exploratory talk, the Mercer et al. (1999) study overlooks students’ instinctive use of such
talk. When students work together to implement an assigned science task, their discussions
can often include constructive arguments and critical thinking – key features of exploratory
talk. There is limited empirical evidence supporting that, and this thesis’ research seeks to
address it. This focus on working with learners within a social environment provides fruitful
information about how to instil learners with the language of science through discussion
(Osborne and Dillon, 2010).

To capture the richness of students’ talk when working together in groups, Mercer and his
colleagues (Mercer and Littleton, 2007; Mercer et al., 1999) devised a three-part typology of
talk, as shown in Table 2.
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Type of talk

Definition

Exploratory talk

Speakers engage critically but constructively with each other's ideas.
Statements and suggestions are sought and offered for joint
consideration. These may be challenged and counter-challenged, but
challenges are justified, and alternative hypotheses are offered. In
exploratory talk, knowledge is made publicly accountable, and
reasoning is visible in the talk (Mercer et al., 1999, p. 97)

Disputational talk

Speakers engage in a competitive interaction, disagreement, and
individualised decision-making, including cycles of assertion and
counter-assertion

Cumulative talk

Speakers share and build information in a positive but uncritical way,
accumulating ‘common knowledge’

Table 2: Definitions of students’ talk in the science classroom (adapted from Mercer and Littleton,
2007; Mercer et al., 1999)

Mercer and his colleagues are among the first who investigated the validity of exploring
students’ use of talk as a tool for reasoning and carrying out a collaborative approach in the
study of mathematics and science (Mercer and Sams, 2006; Mercer et al., 2004; Mercer et
al., 1999). Given that these studies were conducted in British primary schools, the three types
of talk defined in their framework are based on the use of the English language in
science/maths classrooms. This thesis’ research includes British students as a participating
population so that a fair comparison can be made. Findings from studies in science classes
(Mercer et al., 2004; Mercer et al., 1999) suggest that social interaction has a developmental
influence on individual thinking. As such, students in primary schools can work together more
effectively, improve their language and reasoning skills, and reach higher attainment levels in
their science courses.

Nevertheless, according to the researchers, primary students’ talk can often be fairly
simplistic and minimal (Mercer et al., 2004), which is quite expected because of their young
age. Findings from the work of Mercer and his colleagues apply to this thesis, which aims to
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take its research a step further by relating these types of talk with meaning making during
storytelling. On the other hand, now, these studies pay great significance to the teacher’s role
in guiding students during collaborative work and helping them to use exploratory talk, which
will not be further explored in this research as it does not fit its purpose.

2.3 Stories and storytelling in education
The focus of educational research has been on stories over the last twenty years as a medium
of data representation, guiding the development of methodologies (Hadzigeorgiou, 2016).
Stories, along with drawings and narratives, have been found to have a mediatory role in
constructing meaning (Pantidos, 2017). The technique of stories can be used to organise
events, facts, characters, ideas, and so forth into meaningful units (Hadzigeorgiou, 2016). In
the process of engaging with stories, meaning is constructed. A story takes the audience
through a set of events, all the way from problem to solution and critical engagement with
the solution (Polkinghorne, 1996), provoking thus active thinking and supporting meaning
construction (Dettori and Paiva, 2009). Polkinghorne (1996) argues that the meaning of a
story is created by noting that something is a part of a whole and that something is a cause
of something else. In the classroom context, this means that the learner moves from a
cognitive understanding of a concept to relate it to their own experience (Clark and Rossiter,
2008). That does not imply merely plucking an example of this concept from a collection of
personal experiences. It suggests that the learner manages to connect the two, and it is in the
making of this connection that new learning occurs (Clark and Rossiter, 2008).

In this context, telling stories is recognised as a valuable strategy to advance understanding
and make sense of events, as it enables both its teller and the audience to create meaning, to
understand what happens and to prepare for what may happen in the future (McDrury and
Alterio, 2001). Storytelling is a traditional method of teaching (Pedersen, 1995). It is a simple
yet powerful method that helps students make sense of the complex and unordered world of
experience by crafting storylines (Gils 2005; Bruner 1990). Storytelling describes a set of
characters that experience a series of events and work towards an acceptable outcome
(McDrury and Alterio, 2003). Through the characters' experiences, one attempts to construct
meaning, understand what happens, and prepare for what may happen (McDrury and Alterio,
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2001). Storytelling plays an important role in classrooms because educators can use it to
stimulate students' critical thinking skills (McDrury and Alterio, 2003, p. 8), and help them to
develop a variety of skills in communication, search, collaboration and task completion (Di
Blas et al., 2009; Σεραφείμ και Φεσάκης, 2005). The process of debate, discussion, and
reflection that students engage in as they work together to storyboard, shoot, and edit their
digital stories are critical to the learning process (Standley, 2003). When students get involved
in creating a story, it helps them make sense of a cognitive domain (Alexander, 2017).

Storytelling can be used as a learning tool for understanding complex subjects. The official
curriculum guidance for storytelling in the classroom focuses on established story scripts that
encourage students to recount or retell and rewrite an existing story (Kucirkova, 2018). Such
an approach is useful in assessing children's writing skills and their ability to comprehend a
story, remember it and follow a specific storytelling style (Kucirkova, 2018). For this research,
the storytelling activities will be based on an established story script that students need to
remake and retell, seeking to evaluate students' understanding of specific content.

2.3.1 Sequence of events in stories
One of the principal properties of stories is their inherent sequentiality (or sequence) of
events (Bruner, 1990, p. 43). A story is a composition of a unique sequence of events, mental
states, happenings involving human beings as characters or actors. However, merely reciting
a series of events does not constitute one (Cobley, 2001) because events do not have a life or
meaning of their own. Events' "place in the overall configuration of the sequence as a whole
– its plot or Fabula" (Bruner, 1990. p.43) gives them meaning. It is the presence of connections
and relationships among the story elements that determine its overall configuration or plot
(Dettori and Paiva, 2009).

Norris and his colleagues (2005) state that stories typically have an opening situation,
complications that involve action, and a resolution in the end, which may be either a success
or failure. Stories go somewhere with some resolution or conclusion provided at the end
(Norris et al., 2005). Other authors suggest that stories can be a series of connected events
whose sequence has meaning when the motives and choices of the characters create
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causative links between events (Coffin, 2004, Klassen, 2006). That is, stories can be viewed in
terms of change-of-state and event sequences that produce the sense of flow in the story
(Klassen, 2006; Coffin, 2004). A way of representing such sequences is by a number of
“minimal stories” that represent “initial state → event → (as a result) final state” (Klassen,
2006); this is the approach taken in this research. Regardless of the sequence representation,
one should “temporally and causally organise a story into a sequence that is meaningful” to
themselves and their audience (Shapiro and Hudson, 1991, p. 960). In that way, the audience
understands the context of the sequence decisions.

Having to decide about the sequence and presentation of a story depends on selecting one
or more beneficial or satisfying options from a larger set of options (Jonassen, 2011). These
options may involve requirements, strategies, events, predictions, and opportunities. Still, the
decision always requires “a commitment to a course of action that will yield results that are
satisfying for specified individuals” (Yates, 2003, p. 24). These decisions are part of learners’
strategies to construct a coherent story (Nicolocopoulou, 2008). Decision making is an
explanation-based process because the decision-maker must make sense of the collected
evidence to aid the selection process (Jonassen, 2011). Decision making depends on how
people argue for and against each option based on their knowledge and combine those
arguments to reach a decision (Jonassen, 2011). The final decision results from the process of
supporting or rejecting alternative claims/decisions and contains causal accounts of the
evidence (Jonassen, 2011). In other words, decision making is evidenced in how the story
elements convincingly and satisfyingly hung together.

Typically, primary-school children (6–10 years old) know how to create stories that include
initiating events, goal-directed actions, and consequences. Children’s stories trend towards
reduced ambiguity, increased referential adequacy, and effective temporal and causal
connectives (Pinto et al. 2016; 2015). By the age of five, children can sequence events
chronologically and gradually order multiple events if their culture values this type of
discourse (Peterson and McCabe, 1983). Experience and context influence a child’s ability to
construct stories (Silva et al. 2014). As children get older, they become more able to produce
complete episodes that are coherent, hierarchically organised and causally related (Stamouli,
2012). From the age of 12 onward, students are more capable of sequencing events and
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creating a story plot, revealed findings analysing young students’ construction of coherent
narration of events (Trabasso and Nickels, 1992).

Over the last two decades, a considerable body of research has examined children’s strategies
to create coherent stories. Although these studies yield valuable evidence supporting
children’s narrative skills, their main focus is on the development of language, vocabulary
and/or literacy skills with pre-school children (Nicolopoulou, 2019; 2016; 2008; Nicolopoulou
and Trapp, 2018). Other studies investigating children’s construction of stories cast light on
young children’s involvement in the production of personal stories and the value that such
involvement had in terms of authorship, autonomy, authenticity (Kucirkova, 2019; 2018). A
noticeable limitation occurring from the studies just mentioned is that they solely capture the
narrative skills regarding the use of language with very young children. That leaves a gap in
examining older (school-level) children’s creation of coherent stories that help them to
externalise their understanding of a troublesome topic. This research will address this gap by
proposing a problem-based story that requires students to engage in decision making to
determine its plot.

2.3.2 Hierarchical sequencing
Considering that a story requires, at its most basic, an account of a sequence of events
(Cobley, 2001), merely reciting a series of events does not constitute a coherent story.
Sequencing the story events can include other relationships, such as hierarchical
sequencing (Gagnè, 1968). Robert Gagné (1968) developed the term hierarchical sequence to
teach “intellectual skills” in the cognitive domain. Hierarchical sequencing is based on the
observation that learning a skill starts with the simpler “component skills” before moving on
to the complex skill they are part of. For example, in the science topic of matter, one must
first learn that matter consists of three states – solids, liquids and gases – before they learn
how substances change conditions (state changes). However, a hierarchical sequencing could
go on seemingly forever, and one needs to be careful about using it. Deciding about the right
order highly depends on the interpretation of specific knowledge. For instance, certain
concepts need to be learned before others because, without the first, the latter will not be
understood. It depends on the classroom teacher to decide upon this, based on the

44

curriculum requirements and his/her students’ existing knowledge. The purpose of
hierarchical sequencing, thus, is to identify the prerequisite skills that need to be taught and
the order of the prerequisite relationships among them. Although Gagné’s (1968) proposed
teaching strategy is outdated, hierarchical sequencing is the most common teaching
sequence presented in the curriculum.

2.3.3 Science stories
Science stories are slightly different from stories in the humanities because of their purpose
and the role of their audience (Klassen, 2009). That is problematic, as it is not easy to
accomplish the explanatory purpose in narratives (Norris et al., 2005). In particular, the main
purpose of a science story is to facilitate the teaching and learning of science and not just to
entertain or communicate a message, as it happens with a story in the humanities. Although
“the primary use of narrative in science is to provide a forensic analysis not only of what we
know but how we know”, another function of narrative is to provide “a celebration of the
wonder and awe of the scientific account of the material world” (Avraamidou and Osborne,
2009, p.1692). That is also to understand the natural world. Unlike stories in humanities,
science stories are appropriate for describing one’s understanding of the world
(Hadzigeorgiou, 2016), according to research based on the constructive nature of human
sense- and meaning making (Egan, 1999). In other words, science provides causal
explanations about the material world, and science stories translate that knowing into telling
(Avraamidou and Osborne, 2009) – and this is how this research will use science stories.

A science story is expected to entertain and engage learners emotionally, as it happens with
the stories in humanities, and help them to understand the science content (Klassen, 2009).
The narrative perspective on science is based on the fact that scientific theories are
fundamentally story-like because they rely on metaphors, analogies, and conceptual
frameworks (Hadzigeorgiou, 2018). Stories are a conceptual tool for providing coherence,
continuity, and meaning to their contents (Hadzigeorgiou, 2016). They are also considered a
means of translating knowing into telling (Avraamidou and Osborne, 2009), making them a
valuable instructional tool, especially in the context of science education, where abstract
knowledge needs to be presented in a way that makes sense to the students. There are,
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however, limitations regarding the use of stories in science education, according to
Hadzigeorgiou (2018; 2016). One limitation is that it is difficult to create stories for all
phenomena and science concepts because of the need to use deductive-nomological
explanations.
Also, the author argues that scientific ideas, such as concepts or laws, need to be applied in
various situations to be understood. Another limitation is that descriptive explanations, as
presented in a narrative form (through the use of anthropomorphism), are more suitable for
young children (Hadzigeorgiou (2018). This thesis accepts the truth found in the first two
limitations. Indeed, science is based on the paradigmatic (logico-mathematical) mode of
thinking, which involves testing concepts using evidence, arguments, and so on.
Contrary to that line of thinking, this thesis believes that science stories should not be
considered a tool for testing concepts or explaining phenomena through experimentation and
material evidence. Science is about developing causal explanations of the material world, for
instance, what is causing global warming or what causes a rainbow – physical behaviours
brought out by scientific laws (Avraamidou and Osborne, 2009). The purpose of a science
story is to describe such natural phenomena and physical behaviours through a set of
sequenced events to help its audience makes sense of what happens – what precedes, what
happens and what follows/how it ends. Furthermore, this thesis concurs with Hadzigeorgiou’s
(2018) view that there is limited research examining the use of stories in science, described
next, a limitation that this research seeks to address.

Empirical data shows that science stories can improve students’ understanding of the nature
of science (Erten, Kiray, and SenGumus, 2013); attitudes toward science (Hadzigeorgiou,
2006); scientific inquiry practices (Kokkotas et al., 2010); or the learning of science concepts
(Hu, Gordon, Yang and Ren, 2021; Kerby, DeKorver and Cantor, 2018). Hu, Gordon, Yang and
Ren (2021) used personification storytelling that attributes personal characteristics to cosmic
bodies with metaphors relating to children’s lives to examine preschool (aged four to five)
children’s understanding of abstract astronomy concepts. Drawing on evidence from the
analysis of pre- and post-intervention interviews, educators’ documentations, and children’s
hands-on activities and free drawing, their results showed a significant improvement in
children’s understanding of abstract astronomy concepts that are generally considered
unsuitable to them.
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Kerby, DeKorver and Cantor (2018) developed a demonstration show at a science museum to
evaluate young students, aged five to eleven, concept knowledge using pre- and postassessment. Findings from their study showed that the deconstruction, modification, and
reassembly of story elements promoted conceptual understanding, interest, enthusiasm for
learning, and self-efficacy in the audience (Kerby et al., 2018).

Morais (2015) investigated qualitatively how primary children aged eight to ten responded to
and experienced storytelling involving chemistry and related hands-on activities. The
researcher used a content analysis of students’ drawings after the hands-on activities and
answers to a series of questions related to the story. The results showed that using carefully
chosen appropriate stories in combination with hands-on activities could be an effective
instructional strategy to stimulate interest in science and support the learning of concepts.

Hadzigeorgiou, Klassen and Froese Klassen (2012) conducted an empirical study to determine
the effect of romantic understanding in science learning (alternating current). Grade 9
students who were taught about electricity based on a story about Nikola Tesla were
compared to those students (experimental group) who were taught using traditional lecture
techniques (control group). Using quantitative and qualitative analyses of journal entries,
they found that the experimental group had higher scores on the summative assessment and
was more involved with the content and the context of the story than the control group.

Kokkotas, Rizaki, and Malamitsa (2010) employed bibliographical research to examine how
storytelling, as a teaching strategy, might engage primary students in science and develop
their understanding of electricity and electromagnetism. Their study indicated that the
teaching intervention using storytelling helped primary students make connections to their
existing knowledge and contextualised gaps in students’ knowledge, developing thus their
understanding (Kokkotas et al., 2010). Furthermore, the researchers emphasised that the
story was appropriate and developed students’ inquiry skills, such as hypothesis exploration,
formulation, interpretation, and metacognitive skills, such as comprehension of new
knowledge.
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Banister and Ryan (2001) used an anthropomorphic story to teach Year 4 children, aged nine
to ten, about the water cycle and documented students’ increased retention of concepts
through a series of open-ended questions, rewriting of the story and semi-structured
interviews. The authors concluded that storytelling as a form of explanation helped primary
children to prune some of their old ideas and widen others to varying degrees.

While the studies described above offer valuable insight into the use of stories in teaching
science concepts, they share some important drawbacks. First, they use stories as part of
demonstration shows at museums (Kerby et al., 2018); or as an introduction to an expository
text, hands-on activity, or subsequent lesson (Hu et al., 2021; Morais, 2015; Hadzigeorgiou et
al., 2012; Kokkotas et al., 2010; Banister and Ryan, 2001). That requires additional
pedagogical techniques to complete the intervention. Second, they evaluate students’
conceptual knowledge on an individual level through drawings (Hu et al., 2021; Morais, 2015)
or questionnaires (Kerby et al., 2018; Hadjigeorgiou et al., 2012; Banister and Ryan, 2001),
failing to examine students’ collaborative interaction and shared understanding. Considering
everything, this research aims to create science stories that schoolteachers can use to
promote science education and help students externalise their understanding of science
concepts on the social level and identify the latter’s knowledge gaps in a specific science
topic.
2.3.4 From storytelling to digital storytelling
A significant number of recent changes in the presentation and delivery of stories is made
possible by emerging technologies (Chen et al., 2003). The rapid development of technology,
alongside the advent of relatively inexpensive (Davis, 2004) digital tools, shifts the focus from
traditional types of storytelling to a new form of more technologically aided storytelling:
digital storytelling. Digital storytelling is not a new idea, despite the existing emphasis on
multimedia technology. Joe Lambert and the late Dana Atchley contributed to creating the
digital storytelling movement in the late 1980s as cofounders of the Centre for Digital
Storytelling (CDS), a non-profit community arts organization in Berkeley, California. At its
core, digital storytelling enables computer users to become creative storytellers following the
traditional process of selecting a topic, conducting some research, writing a script and
developing an interesting story (Robin, 2016; 2008).
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Like all storytelling, digital storytelling is a form of narrative expression. It combines an original
script with visual imagery, soundtracks, animations and most importantly, narration in the
author’s voice (Weis et al., 2002). It is usually shorter than a typical oral presentation –
between 2 and 10 minutes long – but it “makes up in content what it forgoes in length”
(Frazel, 2010, p. 10). Digital storytelling content usually consists of computer-based graphics,
(recorded) audio, computer-generated text, video clips, animation, and music. In this
research, digital storytelling combines animated cartoons with students’ commentaries (in
written format). In addition, the digital storytelling activities are created on iPads, for the
following reasons: first, they allow for control with touch screen operations (e.g., there is a
touch-sensitive keyboard); second, they provide a variety of apps that suit the needs of
students with various abilities and different learning activities (Kucirkova et al., 2014); lastly,
they facilitate the creation of content-related strategies by providing an easy-to-use system
which allows for several operations, such as audio-recording or photography, to take place at
one location (Kucirkova et al., 2014).

A digital story can also be presented in numerous ways. For example, it can be typed up as
text, be performed and videoed, be narrated and audio-recorded, be based on students’
drawings and photographs, or combine various modes (Kucirkova, 2018). Authoring or editing
a digital story does not necessarily require a new story. Students can also be story editors that
make changes to the text or illustrations of existing stories, such as in the case of this research,
in which students will edit a predefined digital story. The physicality of manipulating and
methodically arranging digital images, audio and text “makes students slow down and think
about their work in new ways” (CNDS) and leads to reflective meaning making. The process
of digital storytelling can be seen as a constructivist learning approach, as it allows students
to make connections between their creation and their sense of learning (Alexander, 2017).

Choo, Abdullah and Nawi (2020) conducted a critical analysis of empirical studies using digital
storytelling in teaching and learning. They concluded that digital storytelling is beneficial in
developing the teachers’ content, pedagogical and technological knowledge and enhancing
student learning as it increases their understanding of content and caters for their multiple
intelligence. Similarly, in the systematic review of de Jager, Fogarty, Tewson, Lenette, and
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Boydell (2017), results indicated that digital storytelling in research was especially
appropriate and mainly used with marginalised groups.

Using a qualitative methodology, Schmoelz (2018) studied lower and upper secondary
students’ interaction in classroom activities that use digital storytelling to enable cocreativity. Drawing on evidence from interviews and group discussions with students and
teachers, field notes and videography of classroom activities, the study documented that
students engaged in action through giving, taking, sharing, or limiting control in the digital
story-writing phase. In the digital story-producing phase, students experienced co-creative
flow as they shared enjoyment and fun, from which control and rationality were absent. The
current research uses the element of co-creativity, as students will work collaboratively to
implement the digital storytelling activities. It also expands existing research by looking into
students’ collaborative interaction, highlighting how they construct a shared understanding
of the learning content.

In their study, O’Byrne, Stone and White (2018) examined the mentoring and modelling of
storytelling and digital storytelling in early-years (aged four to six) students’ motivation for
writing and digital content construction. The researchers conducted a qualitative analysis of
students’ work products (i.e., sketches, illustrations), video-recorded observations of
students in the classroom, and researcher notes. They found that students developed
enhanced communication skills by learning to organise their ideas, ask questions, express
opinions, and construct stories while interacting with others and the computers to create
digital stories. This research differentiates itself by examining how students construct
arguments and provide explanations while working collaboratively to create digital stories on
iPads.

Campbell (2018) conducted action research to investigate primary (Grade 5 and 6) students’
engagement in writing and the motivation and ability to create higher quality writing. The
researcher analysed evidence from observations, interviews, a writer self-perception scale,
print and digital writing samples, and writing evaluations. He concluded that effective
teaching combined with technology could significantly improve students’ writing skills and
engagement in the project, including improved writer self-perception and confidence. While
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Campbell’s (2018) study emphasised scaffolding by teachers, this research takes a different
stance acknowledging the importance of student-centred settings in allowing students to take
full responsibility for sharing and (re)constructing their knowledge.

Smeda, Dakich and Sharda (2014) investigated the pedagogical aspects of digital storytelling
and its impact on primary and secondary students’ learning, using innovative learning
experiences based on digital storytelling. Employing qualitative (interviews and observation)
and quantitative (an evaluation rubric) methods, the study findings indicated that digital
storytelling was a powerful tool to integrate instructional messages with learning activities to
create more engaging and exciting learning environments. This research also uses innovative
learning experiences based on digital storytelling. It steps beyond Smeda et al.’s study (2014)
and examines students’ creation of the story content (plot), aiming to highlight students’
understanding.

Barrett (2006) stressed that digital storytelling could facilitate the convergence of four
student-centred learning strategies: student engagement, reflection for deep learning;
project-based learning; and the effective integration of technology into instruction. This
research seeks to cover most of these learning strategies. It will engage students in the
learning process, give them space to achieve deep learning, and evenly integrate technology
into instruction.

Robin and Pierson (2005) examined how graduate students and undergraduate teachereducation students visioned, designed, and created digital stories about a real-world
problem. They found that digital storytelling could capture the imagination of both students
and teachers because the act of crafting meaningful stories elevates the experience for
students and teachers. Lastly, the benefits of using digital storytelling in this research align
with Gils (2005) proposition on the many advantages of using digital storytelling in education,
such as to provide more variety than traditional methods in current practice; to personalise
the learning experience; to make explanation or the practising of certain topics more
compelling; to create real-life situations easily and more cheaply; and to improve the
involvement of students in the process of learning. Digital storytelling is "not an inherently
superior teaching strategy, and the tools are not a panacea; educators need to keep an eye
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on the prize of substantive, reflective, course- and programme- appropriate learning"
(Matthews-DeNatale, 2013, p. 200).

2.3.5 Digital storytelling in science education
While digital storytelling spans the curriculum, covering many subjects, it is most often
associated with the arts and humanities (Sadik, 2008). Research, however, indicates that
technological advances can support the teaching of science (Isman et al., 2007). Various
studies emphasise the significance of technology-integrated science education to construct
links between scientific knowledge, to develop advanced understanding, to improve problemsolving skills, to enhance students' interest in science, to establish more positive attitudes
towards science, and to increase student motivation (Serin et al., 2009; Avraamidou, 2008).

For example, Dewi, Magfiroh, Nurkhalisa, and Dwijayanti (2019) used interviews and pre- and
post-tests to examine whether the use of contextual-based digital storytelling in science
teaching could improve seventh-grade students' critical thinking. Similarly, Dewi, Savitri,
Taufiq and Khusniati (2018) used pre- and post-assessment to evaluate the use of science
digital storytelling in improving seventh-grade students' cognitive ability. The two studies
found a statistical improvement in critical thinking (Dewi et al., 2019) and cognitive ability
(Dewi et al., 2018) of students in the experimental than the control group. One limitation
found in these studies is that they used standardised tests to assess students' critical thinking
(Dewi et al., 2019) and cognitive ability (Dewi et al., 2018) on an individual level, ignoring the
role that social interaction can play when students implement together a science activity. This
research acknowledges the importance of social interaction in students' science learning and
aims to explore it in depth.

Cheng and Chuang (2018) examined fourth-grade students’ learning processes of scientific
imagination in a marine science digital storytelling project. Analysed data from students’
completed worksheets, digital storyboards, final digital storytelling products, and interviews
revealed that students with low performance were not proficient in describing the
relationships among scientific concepts and creating science stories based on their science
knowledge. The authors suggested that interactive learning environments and fluent digital
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literacy are essential in improving students’ ability to explore and connect different ideas in
the development of scientific imagination. The current research takes a further step from
Cheng and Chuang (2018), seeking to explore how a collaborative learning setting may help
students to use their existing scientific knowledge to create stories about scientific concepts.

Tan, Lee and Hung (2014) investigated the use of ‘edu-tainment’ storytelling in a Grade 5
science classroom, asking students to design a digital story about a scientific concept (the
water cycle). Deriving evidence from (video) recorded class interaction and teacher talk,
students’ generated artefacts and focus groups, the authors concluded that the creation of
digital stories (in which there is a purposeful integration between the narrative context and
the knowledge content) depended upon the type of knowledge – whether it was hierarchical
or horizontal – that the students needed to acquire through instruction. This research seeks
to enrich evidence about the hierarchical structure of knowledge presented through the
curriculum.

Using a quasi-experimental study, Hung, Hwang and Huang (2012) examined Grade 5
students’ learning performance in science through a project-based digital storytelling activity.
Students had to collect data on the Internet while being guided by the teachers asking
questions and then create movies for storytelling based on the collected data. The
experimental results showed that project-based learning with digital storytelling had
effectively enhanced students’ science learning motivation, problem-solving competence,
and learning achievement. In Hung et al.’s (2012) study, teachers played an important role in
guiding students’ data collection, an approach this research opposes, as it adopts a more
student-centred strategy that allows students to work autonomously, without guidance
(related to the learning material), to create a digital story.

Sadik’s (2008) study evaluated the effectiveness of digital storytelling in learning and the
extent to which students aged thirteen to fifteen were engaged in authentic learning tasks.
Students were encouraged to produce their own digital stories and then present, publish and
share them with their classmates. Using quantitative (digital story evaluation rubric) and
qualitative (classroom observation and interviews) analysis of students’ produced stories
revealed that overall, students did well in their projects. Also, students’ stories met many of
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the pedagogical and technical attributes of digital stories. The current research does not aim
to evaluate students’ ability to construct standardised digital stories but to identify students’
understanding (or lack) of the learning content through digital stories.

Solomon (2002) highlights the impact of pictures and cartoons in a science story because
individuals have a much larger capacity for in-built attention to moving objects (as reported
in the classic experiment on the cat’s visual cortex by Hubel and Weisel, 1962). That suggests
that video and acting can be doubly valuable. However, a lack of appropriate ready-for-use
educational material hinders the use of the stories in education (Vrasidas et al., 2015). Finding
a story relevant to the lessons being taught and knowing how to integrate the educational
area into a classroom environment and keep the lesson relevant are two concerning issues
for teachers, making the need for proper teacher training (Vrasidas et al., 2015). Thus, there
is a gap in creating suitable and relevant educational material that teachers can use to create,
produce, or compose digital stories that will match their classroom’s individual learning
needs. To this end, this research proposes activities that include educational material
(carefully selected and compiled from various sources available online) that afford students
to freely order and sequence it based on their understanding of the domain knowledge.

2.4 The use of technology in digital storytelling
The technological setting for digital storytelling advanced rapidly after the start of the twentyfirst century, with the advent of mobile devices as the ultimate digital storytelling device
(Alexander, 2017). Mobile devices open new opportunities for individuals to view, read or
listen to traditional forms of stories otherwise constructed and consumed on classic devices,
such as laptops, game consoles and desktop computers (Alexander, 2017).

2.4.1 iPads and the “Our Story” application
In the last decade, the release of iPads in spring 2010 has supplemented mobile devices. iPads
are significantly advanced compared to previous technology because they allow for control
with touch screen operations (e.g., there is a touch-sensitive keyboard). They also provide a
variety of apps that suit the needs of students with various abilities and different learning
activities (Kucirkova et al., 2014). Furthermore, they facilitate the creation of content-related
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strategies by providing an easy-to-use system that allows for several operations, such as
audio-recording or taking pictures, to take place at one location (Kucirkova et al., 2014). Since
its release in 2010, Apple's iPad has been in the spotlight as an affordable and flexible learning
tool for all levels of education (Falloon, 2015).

Some studies examine the multimodality of iPads with young students, focusing on how iPads
can engage children in communication and literacy-related activities, such as story-sharing
and story-creation (Kucirkova et al., 2014; Kucirkova et al., 2013). These studies provide
valuable information about students' engagement and collaboration when using iPads, which
apply to this research. For instance, in both studies, students use a storytelling app called Our
Story, the same app that the participants of this research use. The first study (Kucirkova et al.,
2013) analyses collaborative talk and peer engagement with educational software using the
concept of exploratory talk (Mercer, 1996; Mercer et al.,1999). The current research uses the
same idea to analyse students' peer talk during collaboration. The present study
differentiates itself in its purpose because it does not seek to evaluate how students can
improve their literacy skills using iPads.

The "Our Story" app is a storytelling app for smartphones and tablets developed at the Open
University in England. The app facilitates the creation of stories in three modes (audio,
pictures, text) and offers the possibility of turning them into a customisable digital record
(Kucirkova et al., 2014). A unique feature of the "Our Story" app is that it enables users to
select and sequence content. It gives the flexibility to move chunks of content, re-arrange
them in the filmstrip and then play them as a complete story. That enables users to re-create
their own story, view it finished and go back and re-order the content if they are not satisfied
with the result (Figure 1). In addition, the app allows its user to replace still pictures with
videos. Although videos cannot support editing features, they can still be used.
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Figure 1: The filmstrip on the Our Story app that enables the selection and sequencing of content.

The contribution of both the iPad and "Our Story" app plays a significant role in the emerging
research concerning mobile technologies. Yet, it goes beyond this research, which will not
address it further. It can be, nonetheless, taken into consideration for future research.

2.4.2 Animations in digital stories
Animations can be defined as the conceptualisation of the act, process, or the result of
imparting life, and it involves the illusion of movement on a screen (Barak et al., 2011).
Animations constantly require the reader to interpret their content actively and seamlessly
blend metaphors and explanations without interrupting the flow of narration (Green and
Brock, 2000). On the other hand, animations are a passive medium in which the receiver does
not control the flow of information, and this may be a disadvantage from an educational
perspective (Tversky, Morrison and Betrancourt, 2002).

In learning, animations are an effective way to visualise processes that cannot be seen or that
are difficult to explain in class. There are two ways in which animations can contribute to a
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better understanding of the learning material: First, they enable the creation of mental
representations of concepts, phenomena, and processes. Second, they can replace
challenging cognitive processes (such as abstraction, imagination, or creativity) that some
learners are short of (Barak et al., 2011). In other words, animations provide more external
support for learners to construct their dynamic internal representations than static graphics
(Lin and Atkinson, 2011). Considering that the scientific language is often difficult for students
to understand, researchers believe that its vocabulary needs to be visualised so that abstract
concepts become more concrete (McCartney and Samsonov, 2011). The researchers argue
that animations help students first visualise individual concepts and the relationships
between them to gain an idea of the whole. In this way, students manage to conceptually
transform and adjust scientific knowledge into their mental shapes (Fensham et al., 1994;
Pike, 1994).

However, this dynamic and vibrant nature of videos and animations is likely to pose a threat to
novice learners. The processing of visual materials requires “high levels of mental abstraction
and synthesis of the procedures modelled, which may overload students’ cognitive capacity,
especially if students are novices in a domain and lack appropriate domain knowledge to guide
their attention” (Moreno, 2007, p. 766). Also, “if the animation is ill-designed, and too much
information is displayed in a short time, it may be cognitively overwhelming for students”
(Barak et al., 2011, p. 840). On the other hand, animations can be underwhelming and lead to
excessively passive information processing. That, in turn, can prevent learners from performing
effortful cognitive processes required for a deep understanding (Schnotz and Rasch, 2005).
Thus, the teacher’s competence in carefully designing and/or selecting the instructional use of
animations in class is an essential determinant for successful science learning.

Numerous studies in the past decades have shown positive results that favour the use of
instructional animations in (science) learning. For instance, Najjar (1998) examined the use of
animation among learners and found that the more visualised means are used, the better the
learning process becomes. The study showed that the best method for teaching dynamic
processes was through the use of digital animation. Other studies showed that the use of
animations and visualisations improved students’ conceptual understanding (Barak and Dori,
2005), learning achievements (Dori et al., 2003), spatial abilities (Kaberman and Dori, 2009;
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Barnea and Dori, 2000), and motivation to learn science (Rosen, 2009). These findings
illustrated how animations aided students in constructing mental pictures among students
similar to the mental model of scientists. Barak, Ashkar and Dori’s (2011) study also found
that animation motivated students to learn science. Barak and his colleagues (2011), who
investigated the effect of animated movies on students’ learning and motivation in classroom
practice, found that animation improved students’ self-efficacy, interest, enjoyment, and
connection to daily life better than traditional textbooks with still pictures. The studies just
described concluded that animations are beneficial when they are directly connected to the
curriculum or when they encourage active learning and collaboration among students while
learning with animations (Barak et al., 2011).

Although the use of quantitative analysis conducted in these studies was very effective for
showing whether students’ conceptual understanding of science has or has not improved
after animation movies, it did not explain how and why this has happened. There is a gap in
addressing how and why animations are beneficial in developing students’ understanding of
certain scientific concepts. To achieve that, a more qualitative research approach is required.
Moreover, the studies described here investigated the use of short animated movies in
educational websites that provide curriculum-based content and entertainingly explain
hundreds of scientific concepts. A serious limitation of such websites is that they aim to
engage students’ interest in learning science in a fun and entertaining manner by satisfying
new generation students’ digital needs. There is no doubt that making science fun and
enjoyable for students to learn is of utmost importance. Nevertheless, the material offered
in educational websites often represents and presents the proposed curriculum teaching
sequence in a digitalised form, which does not cater to the different needs of students’
conceptual understanding of science. Seeking to address this gap, the animated activities
proposed in this research afford students to sequence them in a meaningful manner.

2.4.3 The cognitive theory of multimedia learning (CTML)
The cognitive theory of multimedia learning (CTML) (Mayer 2014; 2005) provides valuable
information on why learning with digital tools can be beneficial, based on three cognitive
science principles of learning. The first one is the dual-channel principle, according to which
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learners can organise information into two different cognitive structures, namely the
visual/pictorial and the auditory/verbal channel. When information is presented to the eyes,
for instance, illustrations, videos, or animations, it is being processed in the visual channel;
when information is presented to the ears, like narration or nonverbal sounds, its processing
takes place in the auditory channel (Mayer, 2005). The suggestion is that if learning
environments can stimulate the activation of both channels, the visual and auditory channels,
they will prevent a cognitive overload (Mayer, 2014; 2005). That is possible, for example, by
presenting sound images or spoken texts in combination with written texts or visual images.
Such a combination can help learners connect visual and verbal information while building
cause-and-effect relations among the pieces of verbal information and visual information
(Mayer, 1997). To test learners’ cognitive capacity requires memory span tests (Simon, 1980)
and draws on practices from cognitive psychology, which is beyond the purpose and scope of
the current research, which will not analyse them in detail. Still, it is necessary to acknowledge
that learners can only absorb and retain information that does not overload their mental
capacity (Sweller, 2007). The reason is that short-term or working memory can only keep a
certain amount of information simultaneously. When learners receive new information, this
is transferred from short-term memory (STM) to long-term memory (LTM). Information kept
in STM lasts for half a minute or more, whereas in LTM, it resides until senescence or death
(Novak, 1988). The transfer of information from short-term to long-term memory takes a few
seconds per chunk (Simon, 1974). Short term or working memory, as a kind of ‘information
gate’ (Miller, 1956), can store or process only about seven ‘chunks’ of information at one
time, and this depends on the kind of information – for instance, digits, letters or graphics –
and on the learners’ cognitive capacity that develops with age (Flavell, 1963). In either case,
content needs to be broken up into chunks of information that do not exceed learners’
cognitive load capacity (Sweller, 2007). The way these chucks are then ordered helps learners
better understand the material under study (Reighlucth, 2007). Considering this, the content
presented in the digital activities of this research will be broken down into short chunks of
information, each lasting a few seconds, to prevent possible cognitive overload.

The second principle underlying the CTML is the limited capacity and views each channel as
having limited capacity for processing at once (Mayer 2014). Information enters the human
system through one channel, and if learners devote adequate cognitive resources to the task,
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it can be represented in the other channel (Mayer, 2005). For example, an illustration of an
object or event, such as lighting a match, may initially be processed in the visual channel. Still,
the learner can mentally construct the corresponding verbal description in the auditory
channel.

Conversely, a narration describing how to light a match is originally presented to the ears.
Still, the learner may shape a corresponding mental image that is processed in the visual
channel. For this transition to happen from one channel to the other, it presupposes that
learners have the existing knowledge and past experiences to help them visualise or verbalise
relevant information or build a new one (Anderson, 1983). Therefore, learners’ prior
knowledge affects the way they process new or existing information. That is often the case
with storytelling tasks that require learners to produce a fictional story based on information
presented to only one channel. For example, using a written prompt (Merritt and Liles, 1989),
one picture (Coelho, 2002), several pictures (Hickmann and Hendricks, 1999), a wordless
storybook (Botting 2002), a video (Eaton et al., 1999), or something similar delivers
information to the visual channel. Alternatively, in a story-retelling task, information is first
processed to the auditory channel as learners have to listen to a story and retell it at some
later point (Botting 2002; Merritt and Liles 1989). Both storytelling and story-retelling are the
dominant eliciting methods (Roch et al., 2016; Lever and Sénéchal 2011) to assess students’
narrative competence. Prompting students with a title, a picture or not prompting them at all
(Spinillo and Pinto 1994) is a very common storytelling technique that schoolteachers use. It
is also a very popular research method to assess children’s narrative competence and task
comprehension by asking them to tell a story (Gazella and Stockman 2003) based on a single
prompt. Various tasks can be used to analyse students’ stories, with studies showing that
students’ performance depends on the method (Pinto et al., 2018) and the medium used –
whether they are asked to tell or to write a story (Pinto et al. 2015) or produce a story with
digital tools. This research uses the technique of single prompts to the visual or the auditory
channel to evaluate students’ domain knowledge through digital storytelling in a specific
school subject.

The third principle underpinning the CTML theory is active processing which assumes that
active learning entails carrying out a coordinated set of cognitive processes (Mayer, 2014;
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2005). In simple words, learners need to engage actively with learning content to
comprehend new information. That is likely to happen using interactive learning
environments, in which the learner can actively and directly influence their learning processes
(Hillmayr et al., 2020). In other words, “the defining feature of interactivity is responsiveness
to the learner’s action during learning” (Moreno and Mayer, 2007, p. 310).

Such interactivity can occur in different ways. According to Hillmayr and his colleagues (2020),
one way is when the learner receives additional information on-demand or feedback while
entering solutions. Another way to occur is when the learner determines their learning pace
or the preferred order of presentation. This research concerns itself with the latter by
enabling participants to determine the preferred order of their story. The order of content
presenation can “strongly influence what is learned … and sometimes even whether the
material is learned at all” (Ritter and Nerb, 2007, p. 3). Langley (1995) defines order effects
as differences in performance that arise from the same material being presented to learners
in different orders.

Finally, the learner can interact with the learning environment by manipulating the presented
information (Hillmayr et al., 2020). That allows learners to “control aspects of the
presentation, such as setting parameters before a simulation runs, zooming in or out, or
moving objects around the screen” (Moreno and Mayer, 2007, p. 311). Contrary to other
instruction methods that do not use interactive features — wherein the learner passively
receives information— an interactive learning environment enables learners to act as sensemakers constructing their knowledge (Hillmayr et al., 2020). Taking into account that “deep
learning depends on cognitive activity” (Moreno and Mayer, 2007, p. 312), interactive tools
offer these specific characteristics that can support student learning.

2.5 Limitations and gaps of the reviewed literature
Recent research has investigated the impact of PBL instruction on students’ science learning
in primary and secondary learning (Song, 2018; Siew, Chin and Sombuling, 2017; Leuchter,
Saalbach and Hardy, 2014; Chen and Chen, 2012; Potvin, Mercer and Riopel, 2012; Inel and
Balim, 2010; Araz and Sungur, 2007). Despite their valuable contribution to the field of PBL in
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science education, these studies have primarily used experimental or quasi-experimental
methods to assess students’ academic achievement, knowledge retention, conceptual
development, and collaboration before and after the PBL instruction. That leaves a gap in an
in-depth exploration of a) students’ interaction while working collaboratively to implement a
problem-based activity; b) students’ construction of shared understanding through the
collaborative interaction; c) students’ externalisation of understanding (and identification of
knowledge gaps) while implementing a problem-based activity. This research values the
importance of social interaction as a discursive process. It acknowledges that scientific
concepts can be understood in the arguments and scientific explanations underpinning
students’ answers and not the answers themselves (Driver, 1983). Also, engaging in problembased collaborative activities is a meaning making process. It includes features of intrinsic
motivation and interest in the content of the task, a focus on understanding the learning
material, an attempt to relate parts to each other, new ideas to previous knowledge, and
concepts to everyday experiences (Entwistle, 2018; Entwistle and McCune, 2004).

Although the above studies enrich evidence about the practical application of PBL in science
education, none of them examines the use of problem-based learning in combination with
storytelling (see previous section 2.2.3). That is where the current research aims to make its
contribution. As with problem-based tasks, solving story problems is based on implementing
specific strategies, such as analysing and evaluating the evidence provided, determining the
accuracy of the given information, and then delivering a solution to the problem (Mahnaz,
Hung and Dabbagh, 2019). These strategies differ according to the type of the problem.
Solving a problem-based story requires learners first to conceptualise the problem, organise
and sequence all the relevant information and then apply a solution plan based on that
conceptualisation. Meaning that when the story parts are sequenced, it helps learners to
mentally organise the given information, make sense of its plot (Bruner, 1990) and
understand its content and context. Existing research on strategies that learners use to create
sequent stories has mainly examined the development of narrative, vocabulary and/or
literacy skills (Nicolopoulou, 2019; 2016; 2008; Nicolopoulou and Trapp, 2018). There is, thus,
a need for more research investigating how learners use sequence strategies to solve relevant
story problems in school subjects, such as science.
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The official curriculum guidance for using stories in the classroom focuses on established story
scripts that encourage students to recount or retell and rewrite an existing story (Kucirkova,
2018). While stories may be used in the teaching and learning of science, they are often only
used as introductions, ‘attention grabbing’ activities that prompt students to become aware
of particular scientific events or phenomena (Tan, Lee and Hung, 2014). Existing research on
the use of science stories has shown that they are mainly used as an introductory hook to
follow-up hands-on activities or subsequent lessons (Hu et al., 2021; Morais, 2015;
Hadzigeorgiou et al., 2012; Kokkotas et al., 2010; Banister and Ryan, 2001). That leaves a gap
in using science stories to help learners reflect on and externalise their understanding of a
science topic and identify possible knowledge gaps. Science stories are also used to assess
individual students’ concept knowledge through drawings (Hu et al., 2021; Morais, 2015) or
questionnaires (Kerby et al., 2018; Hadjigeorgiou et al., 2012; Banister and Ryan, 2001), failing
to examine students’ shared understanding through collaborative interaction.

Lastly, the last two decades have shifted from storytelling to digital storytelling due to the
rapid development of (relatively inexpensive) technological tools (Davis, 2004). Digital
storytelling helps teachers to develop pedagogical strategies and knowledge (Choo, Abdullah
and Nawi, 2020); students to engage in the story creation process (Schmoeltz, 2018; Smeda,
Dakich and Sharda, 2014; Barrett, 2006; Robin and Pierson, 2005) and enhance their writing
and communication skills (Campbell, 2018; O’Byrne, Stone and White, 2018). Regarding
science education, the use of digital storytelling has been assessed in improving students’
critical skills (Dewi, Magfiroh, Nurkhalisa and Dwijayanti, 2019), cognitive ability (Dewi,
Savitri, Taufiq and Khusniati, 2018); scientific imagination (Cheng and Chuang, 2018), learning
performance (Tan, Lee and Hung, 2014; Hung, Hwang and Huang, 2012), and production of
digital stories (Tan, Lee and Hung, 2014; Sadik, 2008). None of those mentioned studies has
investigated the use of digital storytelling in helping learners to build a shared understanding
of a science topic and its relevant concepts while working and interacting collaboratively.

Considering the above, it appears that there is limited research on the use of problem-based
digital storytelling activities in the teaching and learning of science that can help students
think about and externalise their understanding of a science topic while reflecting on and
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identifying possible gaps in their prior knowledge. Thus, this research will seek to address the
following two questions:

RQ1: Whether, and, if so, how do the SEeDS and Narration activities support learners in each
of the two contexts to access, reflect upon on, and apply prior science learning?

RQ3: Whether, and, if so, how do the SEeDS and Narration activities engage and challenge
learners in the two contexts?

At the same time, no known research has considered the type of talk that occurs naturally
(without instruction) between students when working to implement problem-based stories
in science. The work of Mercer and his colleagues on student group talk in science learning
(Mercer and Littleton, 2007; Mercer et al., 1999; Mercer, 1994) focused on the trained use of
a specific type of talk. There is a gap in exploring the use of naturally occurring language when
groups of students work together on a story problem. Given this gap, this research explores
the second research question.

RQ2: Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of peer
talk that research suggests can support science learning in each of the two contexts?

2.6 Chapter Summary
This chapter critically examined and discussed how problem-based digital storytelling
activities could engage students in meaning making in science. Meaning making is explored
through students' social interaction while working together in a collaborative learning
environment. The socio-constructivist perspective acknowledges the significance of problembased stories in (science) learning as they create a space for critical thinking and reasoning
while fostering cognitive conflict and reflection. The following chapter, Chapter 3, examines
the troublesome nature of school science and highlights the need for creating problem-based
story activities.
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CHAPTER 3: SCHOOL SCIENCE AND TRICKY TOPICS
3.1 Introduction
The previous chapter, Chapter 2, took a critical look at the socio-constructivist perspective of
learning, which acknowledges the importance of social interaction in developing learners’
understanding. When learners engage in the social process of sharing and negotiating
information, they also engage in meaning making about the world around them. Socioconstructivism embraces the notions of problem-based learning and storytelling, which can
be used in school classrooms to help students understand the learning material. In this
chapter, the focus shifts to teaching and learning school science and how story problembased story activities can engage students in meaning-making.

3.2 Science as a school subject
Teaching science is “a process of guiding learners to construct understandings of the world
that match scientific models as well as possible – given that they will always be relying on
their existing knowledge and understanding to interpret the teacher’s presentation” (Taber,
2017, p. 121). In this line, much school level learning is built on the expectations of the world
formed in early childhood, which are essential foundations for all later learning (Vygotsky,
1986). Learners rely on an existing set of models to make sense of the happenings around
them. Teaching new knowledge can help to develop and readjust those models in the light of
new experience; however, “once established, existing patterns of thought tend to dominate”
(Taber, 2017, p. 120).

The process of teaching science at school is highly interactive as teachers seek to facilitate
students’ sense-making to shift current knowledge and understanding towards the proposed
curriculum scientific knowledge (Taber, 2013). When planning and designing lessons,
teachers need to consider what students already know, what their alternative ideas may be
and how well they understand key concepts and present them so that it makes sense to
students and will be interpreted as intended (Taber, 2017; 2013). The question is whether
teachers are well prepared and equipped to identify students’ knowledge needs before
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teaching any science topic or if they have the time to do so, given the constant pressures and
competitiveness of the school systems.

It is generally accepted that in many countries worldwide, primary schools use a generalist
model for instruction, according to which a single teacher teaches all core academic subjects
(US) (Reys and Fennell, 2003). A key argument made in favour of this model of instruction is
that it provides better stability, and it forms closer connections when young children have
only one teacher (Chan, Terry, and Bessette, 2009; Hood, 2009). By contrast, in Greece,
primary school subjects are taught by one teacher and by a specialist teacher if it concerns a
subject of specialisation, such as music, arts, physical education, ICT, English (Eurydice, 2019).
The classroom teacher usually teaches science unless an experienced science teacher is
appointed at the particular school (Π.Ι, 2011). In secondary schools, specialised teachers
deliver their subject of specialisation – for instance, chemists teach chemistry, and physicists
teach physics (Eurydice, 2019).

The vast majority (89%) of primary schools have classroom teachers delivering most science
lessons in the UK. Regarding secondary education, science teachers in most schools in England
and Wales are required to teach outside their specialism. That means that even though they
usually train as scientists in one area of science (chemistry, physics or biology), there is a
requirement for training that will help them gain expertise across all aspects of school science
(Kind and Taber, 2005). That creates “a professional dilemma – on the one hand, science
teachers are regarded and respected for their specialist skills, but, on the other hand, they
are also expected to teach as experts throughout the whole science area” (Kind and Taber,
2005, p. 16).

Teachers’ lack of knowledge, experience, and/or training in the domain of science may often
result in a lack of confidence or a sense of being ill-prepared to teach science content
(Osborne and Dillon, 2010; Weiss et al., 2001). There is a need for teachers to have a deep
understanding of the subject they teach to identify students’ alternative ideas and support
students in developing evidence-based explanations (Zangori, Forbes and Biggers, 2013;
McNeill, 2009). Many countries, like England, provide teachers with the opportunity to attend
subject knowledge enhancement courses or teacher training events to improve their
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understanding of specific subjects (CFE, 2017). Similarly, in Greece, a variety of in-service
training are offered for teachers across the country (ΥΠ.ΕΘ, 2018).

In addition to the non-specialist teacher tradition in most primary schools, one must also
consider the regularity of science teaching weekly. Across UK schools, many year groups
(Years 1-6) are taught science weekly. Standalone lessons are more prevalent for older year
groups, with younger students more likely to receive cross-curricular work (CFE, 2017). On
the other hand, Greek schools offer weekly standalone science lessons in Grades 5 and 6,
while earlier Grades 1-4 receive Environmental study lessons. Regarding the weekly hours of
delivery, science, in England, is taught for 1.4 hours a week for upper-year groups, with lower
year groups receiving even fewer hours of weekly lessons (CFE, 2017). In
Greece, Environmental study is taught for 4 hours a week in Grades 1 and 2, and 3 hours in
Grades 3 and 4. Science is taught in upper Grades 5 and 6 for 3 hours a week (ΥΠ.ΕΘ, 2018).
It is often the case that the actual hours spent on teaching science are even less than planned
as teachers face pressures to focus on other subjects, such as mathematics and literacy, that
are emphasised in educational accountability measures and teacher evaluation systems
(Banilower et al., 2013; Century, Rudnick and Freeman, 2008).

Based on the factors just described – the non-specialism in science and the lack of the
necessary preparation time and materials – it seems difficult for teachers to attend to
students’ alternative ideas about phenomena before the instruction that will enable them to
elicit and respond to students’ ideas during instruction (Oliveira, 2010). Aiming to address this
gap, this research will use a novel tool (Tricky Topic Tool described in section 3.5) to help
teachers (with much or less experience or knowledge in teaching science) identify students’
alternative ideas and support them in the process of meaning making.

Science as a school subject has always been a challenge for teachers and students. It is a
challenging task for students to understand science (content, inquiry and process skills). It
involves a non-linear construction process, which is complex and iterative, taking time and
effort (Hadzigeorgiou and Schulz, 2019). According to TIMSS 2015, students’ performance and
cognitive domains (knowing, applying, and reasoning) in the subject of science seemed to
have increased from 2011 to 2015, with Asian countries – like Singapore and Korea – having
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the highest scores as opposed to European countries like Finland or England (Martin et
al., 2016; Mullis et al., 2016). The TIMSS 2015 report highlights that European countries,
including England, were not as successful as Asian countries in improving students’ (4th and
8th grades) science performance and cognitive domains in the four years. Meaning that
teaching science is a challenging task for teachers as well.

Teachers have to provide students with opportunities to develop a scientific understanding
and engage with the science content and its techniques, such as concepts, equations, laws,
and laboratory skills (Hadzigeorgiou and Schulz, 2019). Hadzigeorgiou and Schulz (2019) stress
that engagement does not necessarily involve, or result in, understanding, especially in the
case of learning science; engaging students in science is a prerequisite for understanding.
Teachers need to support learners in linking new material with prior learning to facilitate new
meaningful learning and reinforce the previous one (Taber, 2008). Prior knowledge is a crucial
determinant of students’ learning from their science classes (Taber, 2015). Receiving new
information will often stimulate reorganisation of the base as the student reflects on the
incoming knowledge and sees how it puts the older knowledge in a different light (White and
Gunstone, 1992). In meaningful learning, the process of acquiring information signifies a
modification of both the newly acquired knowledge and of the specifically pertinent aspect
of cognitive structure to which the new information is associated (Ausubel, 2000).

Generally, science appears to be a difficult subject to teach and learn because it involves a
body of knowledge and a way of reasoning or thinking that differs from everyday knowledge
and thinking (Hadzigeorgiou and Schulz, 2019). TIMSS provides evidence that most countries’
educational systems fail to provide sufficient and substantive training, materials, and other
resources to classroom teachers to better equip and support them in teaching exciting yet
complex subjects such as science.

3.3 Students’ conceptions about science
Learning science involves an introduction to the concepts, conventions, laws, theories,
principles, and ways of working in science and an appreciation of the application of this
knowledge to social, technological, and environmental issues (Mortimer and Scott, 2003).
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However, the way science is taught at schools often appears to be disconnected from
everyday life. Students find it difficult to conceptualise and understand the connections of
science (concepts) to the natural world (Osborne et al., 2004). The way students experience
natural events is expressed through an “everyday or common-sense way of talking and
thinking” about scientific phenomena (Leach and Scott, 2000). That happens because
individuals are immersed in an everyday social language from birth. This language provides
the means for daily communication with others and shapes a way of talking and thinking
about the surroundings by drawing attention to certain features and representing those
features in specific ways (Mortimer and Scott, 2003). For instance, how individuals routinely
talk about the Sun ‘rising and setting’ helps develop a strong view of the Sun moving through
space instead of the Earth spinning on its axis (Mortimer and Scott, 2003). Such informal or
spontaneous concepts (Vygotsky 1987) are part of an everyday social language. They include
many of these views referred to as alternative ideas or even misconceptions in the science
education literature.

However, such alternative conceptions may occur from the scientific view itself, rather than
the other way around, proposed Leach and Scott (2000). That happens because students learn
or receive scientific concepts and conceptions in a completed form from the domain of adult
thinking (Vygotksy, 1987, p. 169). Scientific concepts can be described as “systematic mental
representations of the natural world that have a central place and role in science”
(Kampourakis, 2018, p 591). They may include observable entities (e.g., “mammal” or
“mountain”) or unobservable entities (e.g., “atom” or “gene”). They can also be related to
processes (e.g., “photosynthesis” or “adaptation”) (Kampourakis, 2018). Therefore, any
discourse about science involves concepts whose meaning needs to be clear among those
participating in the discourse. Therefore, a problem with scientific concepts is that they are
essentially developed and exhausted within the frames of teaching them to students and
students learning them.
Nonetheless, these conceptions are often described as stable and hard to change even after
students are systematically instructed in these subjects whatsoever (Driver et al., 1985). For
these alternative frameworks to be rectified, they need to be identified early. Their
identification lies in students’ reasoning for their answers and not the answers themselves
(Driver, 1983), which is often the case in the science classroom. Everyday talking about
69

scientific issues influences students’ learning, which is deeply linked to students’ prior
knowledge but is usually resistant to change (Driver, 1989).

Research into students’ conceptual learning has a long history, from Piaget through to the
student conceptions literature, focusing on the cognitive and conceptual aspects (Hubber et
al., 2010). Literature on student conceptions documents difficulties with students’ learning of
major scientific ideas across most topics, addressing the problem in terms of alternative ideas
or frameworks (Duit 2002; Driver and Easley 1978), and the learning task in terms of
conceptual change (Vosniadou 2008; Treagust and Duit 2008; Hubber and Tytler 2004).
Considerable research into teaching strategies to support this “conceptual change approach
has reported some success, but increasing criticism of this approach is also evident in a
comprehensive amount of research demonstrating difficulties in changing students’ naive
ideas to more scientific conceptions” (Hubber et al., 2010, p. 6). The processes that manage
to successfully move students’ thinking from a naïve to a scientific view appear to remain
elusive; conceptualising, thus, how to support students’ transition between naïve and
scientific views remains a significant challenge (Hubber et al., 2010). That is particularly
evident in numerous studies investigating major conceptual areas such as changes to matter,
force and motion, earth in space, and animal behaviour and adaptation (Duit 2002), which
shall be discussed extensively in the upcoming sections of this chapter. This research
considers the challenge of conceptually changing students’ naïve ideas into scientific
conceptions and proposes the following: teachers need first to diagnose the problem of
misconceptions or alternative ideas to prepare proper interventions to tackle it. To do so,
teachers need to acknowledge that the source of the problem is not merely a series of
mislearned facts (Driver, 1983). They also need to accept that these problematic areas are
resistant to change and cannot be easily corrected. This research aims to bridge this gap, help
teachers and students to identify their knowledge gaps, and then tackle them through
cooperative interaction. The choice of collaborative learning environments is built on the
opportunities they provide students for active co-construction of meaning and understanding
(Adams, 2006a).
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3.4 Troublesome knowledge in science learning
The process of learning about science requires students to restructure their intuitive
knowledge so that it conforms to the currently accepted scientific ideas (Vosniadou, 1991).
Although this process of conceptual restructuring can be a long and difficult one, often
engendering misconceptions (Osborne and Wittrock, 1983), it raises important questions
about curricula and methods of instruction. What is the best sequence of concepts for
students to develop knowledge in a domain? What are the best instructional methods in case
a scientific concept fundamentally differs from the intuitive knowledge that already exists in
the knowledge base?

To address these questions, teachers essentially turn to national curricula for guidance. The
term curriculum materials refers to the resources designed for classroom teachers to guide
their instruction (Stein et al., 2007). They serve as a key conceptual tool for teaching
approaches and decision making (Davis et al., 2016). Science teachers have curriculum
materials as a point of reference, based on which they “design experiences for classroom use”
by crafting “a repertoire of teaching practices” (Davis et al., 2016, p. 127). Curriculum
materials are designed to support not just student learning but also teacher learning (Davis
and Krajcik, 2005). For instance, in many countries, science textbooks include marginal notes
for teachers about misconceptions students may hold regarding a particular idea or
background about the lesson’s content (Beyer et al., 2009). Marginal notes may be more
integrated (Davis et al., 2014). In this light, teaching practices in science are guided by the
nature of conceptual understanding, common misconceptions, and how to achieve
conceptual change (Limon and Mason, 2002).

Teachers need to understand the conceptual barriers that learners may encounter towards
the deep understanding of a concept (Adams and Clough, 2015). Evidence from various
disciplines indicates that certain concepts often prove problematic or troublesome for
learners (Meyer and Land, 2006; 2005; 2003; Perkins, 1999) and may cause them to fail or
give up a subject altogether (Adams and Clough, 2015).
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Troublesome concepts are found in all disciplines, but they are perhaps more frequently met
in mathematics and science (Perkins, 1999). Understanding invert and multiply to divide
fractions is a good example of troublesome knowledge in maths; or that heavier objects do
fall faster (neglecting any air resistance), encountered in physics. There are many reasons
causing conceptually difficult knowledge, encountered as troublesome, but the most
persistent ones are: intuitive beliefs and interpretations that emerge from misimpressions
from everyday experience (Osborne and Dillon, 2008; Perkins, 1999), reasonable but
mistaken expectations (Perkins, 1999); the subject’s difficult language (Evagorou and
Osborne, 2010; Osborne and Collins, 2000), and the complexity of experts’ views of the
matter (Osborne and Dillon, 2008; Land and Meyer, 2006; Osborne et al., 2004; Perkins,
1999). Troublesome knowledge presents a barrier to students’ understanding of new core
concepts or Threshold Concepts (Meyer and Land 2006; 2003). Threshold concepts are seen
“as conceptual gateways or portals that lead to a previously inaccessible, and initially perhaps
troublesome, way of thinking about something” (Meyer and Land, 2006, p. 3). A threshold
concept must be understood, but that does not necessarily lead to a qualitatively different
view of the subject under study (Meyer and Land, 2003).

Troublesome knowledge takes different forms, and Perkins (1999, pp. 8-10) considers five of
them:
•

Ritual knowledge: has “a routine and a rather meaningless character”, following a
routine to get a particular result, such as invert and multiple to divide fractions.

•

Inert knowledge: “sits in the mind’s attic, unpacked only when specifically called for”,
for example, passive vocabulary – known words that are mainly unused.

•

Conceptually difficult knowledge: a combination of misunderstandings and ritual
knowledge that contrast intuitive beliefs and everyday interpretations in out-ofclassroom contexts, such as understanding objects in motion.

•

Foreign or alien knowledge: comes from a contradictory perspective to one’s own.
The learner often “does not even recognise the knowledge as foreign”, for instance,
Newton’s second law states that force equals mass times acceleration.

•

Tacit knowledge: refers to mainly personal and implicit (Polanyi, 1958), upon which
one acts but is only superficially aware or utterly unconscious of it (Perkins, 2008),
such as equal temperament in music (Manning, 2002).
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Troublesome knowledge does not limit itself to only these categories. A concept can be
troublesome not only because it “operates at a deep integrating way in a subject, but also
because it is taken for granted by practitioners in a subject and therefore rarely made
explicit” (Davies in Meyer and Land, 2006, p. 74). Troublesome knowledge proves difficult
both to teach and learn, but once understood, it has an important transformative effect on
students’ understanding.

3.5 Tricky Topics in science
In the light of troublesome knowledge and concepts, academics and researchers from the OU
and other European Universities shifted the focus from TCs in Economics to the STEM
disciplines, including several troublesome concepts that students struggle to understand.

The JuxtaLearn Project at the OU (2012-2015)
The JuxtaLearn Project (JxL) goal was to enable students to overcome barriers to science and
technology understanding through creative video performance, collaborative learning, and
reflection. Researchers sought to engage student curiosity in difficult-to-learn science and
technology subjects to this aim. JuxtaLearn's purpose was to support students along a
creative process that would lead to a deep and thorough understanding of topics identified
as particularly problematic – as in the case of this research. The JuxtaLearn Project reflected
the incremental and flexible approach that teachers should take when teaching complex
concepts.

The JxL Project, conducted at the OU in cooperation with six other European Universities, was
designed to help students (from secondary to higher education) to overcome the
troublesome knowledge that presented a barrier to their understanding of Threshold
Concepts in science and technology (Clough et al., 2013). The goal was to encourage students
to express their understanding through collaborative learning and creative performance
(video story-making co-created with researchers). Using metaphor, analogy, students
compared their digital stories with teachers' models (representation of a concept) and
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identified their areas of misunderstanding (Clough and Adams, 2014). That creative
comparison enabled them to re-construct a working model that corresponded more closely
to the expert concepts being taught (Clough and Adams, 2014). Despite the creative nature
of story-making, the JxL project had some serious limitations regarding students' ownership
of the creative process. First, the researchers' participation in the video story-making did not
allow students to own the story-making process, as they were under continuous guidance
and instruction. Second, the analogy of comparing with experts' scientific models did not
allow students to express their ideas and reason about them freely. That promoted the
recalling and reproducing of scientific knowledge found in the science textbooks. Another
issue that the JxL failed to address was the practical engagement of students in the classroom
situation, which involved school schedules, busy teaching timetables and science teachers'
expertise in coordinating such creative activities. A final limitation of the JxL work was that it
was very time-consuming and resource-intensive. The long hours (all-day workshops)
required to implement the story-making activities, along with the frequent lab/library rearrangements to accommodate those workshops, were off-putting factors for both students
and teachers to further engage in or commit to them. This research considers that some
schools may not have the equipment nor the time in their timetable to engage in these
activities. Therefore, more research is needed to evaluate the application of such storymaking/telling activities in practice within regular school schedules and timeframes, using
fewer intensive resources.

This research builds on the idea to help students externalise their understanding of
problematic topics through story creation. However, it takes a different stance from JxL as it
seeks to create storytelling activities that are simple enough in structure. Thus, students will
be able to implement them during regular school hours, in their classroom, without spending
much time or energy in re-arranging the setting. Moreover, this research will not compare
teachers' models to challenge and promote students' understanding of complex topics.
Instead, it will employ JxL's idea on collaborative learning and creative story-making but with
a twist. It will allow students to make their own story by editing a set of prepared story clips
and determining its story plot. This structured activity differs from the flexible one presented
in JxL, as it allows students to work independently rather than being guided and directed by
researchers. It also enables them to concentrate on overcoming troublesome knowledge
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while inventing a suitable plot instead of creating everything from scratch (make characters
out of plasticine, invent the plot, video-record the story, edit and share the finished story).
The JuxtaLearn Taxonomy reflects the problems that children frequently encounter with a
typical Threshold Concept, and these fell into one of four main categories (Clough et
al., 2013):
1. Incomplete pre-knowledge: children either lack an understanding of or have an
incomplete or flawed understanding of underpinning topics, scientific methods,
processes, or discourse.
2. Essential Concepts: information that children need to learn alongside the TC. They are
smaller, distinctive ‘sub-concepts’ that a student shall understand to grasp the overall
TC.
3. Terminology: everyday terms take a different meaning when used as part of scientific
discourse, combined with new introduced scientific terms.
4. Intuitive Beliefs: informal, intuitive ways of thinking about the world, which are
strongly biased toward causal explanations and counter-intuitive to scientific
explanations.

The JuxtaLearn Taxonomy provides a framework that enables teachers to break down a
Threshold Concept into a set of categories, named as Stumbling Blocks (SBs) in the JuxtaLearn
Project (Clough and Adams, 2013). The Stumbling Blocks are based on examples of student
misunderstandings that teachers encountered during their teaching practice. By locating
student problems within the Taxonomy, teachers are then able to review their existing
practice and try new methods to create interventions to tackle those problematic areas. The
JxL team also decided to use the term Tricky Topics (TCs) to refer to teacher-identified
problematic concepts. These are supplemented with Threshold Concepts drawn from the
literature (Clough and Adams, 2015). The new term, Tricky Topics, is used in this thesis and
concerns science learning and teaching while using the JxL taxonomy to identify troublesome
topics.

Considering that the notion of Tricky Topics is quite novel, there is still limited research
investigating its practical application with young students in primary or early secondary
school. In this line, there is restricted evidence regarding the use of digital storytelling to help
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students overcome tricky topics and understand better troublesome concepts. This research
seeks to address the above gaps and enrich the literature on tricky primary and early
secondary education topics. The next section presents the Tricky Topic Guide that progressed
from the JuxtaLearn project, as it guides how to identify, capture, and assess tricky topics in
all levels of education.

3.6 The Tricky Topic Guide
Following on from this work, the OU, in collaboration with the Oxford University, the Teaching
Tricky Topics (TTTs) guide was developed to help teachers overcome SBs by developing
targeted interventions.

The TTTs guide consists of three stages that allow teachers to identify, capture and assess
difficult

knowledge

that

causes

barriers

to

their

learners’

understanding

(https://www.open.edu/openlearn/ocw/mod/oucontent/view.php?id=72094), as Figure 2
shows:

Figure 2: The Tricky Topic Guide (from Adams and Clough, 2015)
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In the first stage, teachers identify the topics students find tricky and break these topics down
into assessable parts (or stumbling blocks). Then, in the next stage, they capture results from
stage 1 into the Tricky Topic tool, which helps them to understand why students find these
topics tricky. Finally, in the last stage, they can use the online tool for guidance to develop
questions that thoroughly assess student understanding. Teachers can design interventions
to enhance students’ deeper learning and use the questions to evaluate the research at this
final stage. Visualisation of the results provides detail of students’ depth of learning of
individual stumbling blocks. Some examples of Tricky Topics identified during the JxL project
are the division of fractions in maths; matter in chemistry; optics and ray diagrams in
physics; photosynthesis in

biology; magnetism in

physics; microbes

and

diseases in

biology; electricity in physics; moles in chemistry. The TTTs guide furnishes the design of this
research, as described in the next chapter.

3.7 Identification of matter as a tricky topic
Research with teachers during the JxL project highlighted that the same student problems
with matter repeatedly recurred from one year group to the next. These findings were
augmented from the literature on Threshold Concepts (Meyer and Land, 2006; 2003) and
students' conceptual problems across different age groups over time (Hadenfeldt, Liu and
Neumann, 2014; Stefani and Tsaparlis, 2009; Talanquer, 2009; Mortimer and Scott, 2003;
Harrison and Treagust, 2002; Johnson, 1998; Driver et al., 1985) (for a critical examination of
matter see next section 3.7.1). After the systematic identification of this topic area in terms
of theoretical underpinning, followed its identification in practice through the science
teachers and the curriculum material (for a cross-age and -context coverage of the topic, see
later in this section). Through the Tricky Topic Process (TTP) (see section 4.2.1 for a detailed
description of the three stages of the Tricky Topic Process), a schoolteacher helped to identify
matter as a problematic topic across students in the upper two grades of primary school. With
the help of the JuxtaLearn Taxonomy, the teacher specified the Stumbling Blocks for this
Threshold Concept and broke each Stumbling Block down into its specific problem areas (e.g.
underpinning concepts or re-use of everyday terminology leading to confusion). In other
words, identifying matter as a tricky topic drew on empirical and theoretical evidence from
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the notion of TTs and TCs. Finally, to make this identification more rigorous, this research
enquired into the availability of supporting resources that would improve students'
understanding of matter. To the best of the author's knowledge, there was a scarcity of
resources available online or otherwise supported by technology that could address the
troublesome nature of matter. This research considered everything and sought to practically
address the tricky topic of matter and inform teaching practices.

Understanding the structure and properties of matter is a key element of everyday worldview
(Harrison and Treagust, 2002). Developing students’ understanding of matter is fundamental
to constructing scientific ideas. Yet, existing research has repeatedly and consistently shown
that students fail to gain a deep understanding of the particulate nature of matter (Stefani
and Tsaparlis, 2009; Talanquer, 2009). Students’ difficulties in understanding matter occur
from students’ intuitive views of the structure of matter (Talanquer, 2009) and the fact that
they cannot directly observe certain phenomena (Vosniadou and Brewer, 1992).
Nevertheless, researchers also relate students’ poor understandings of the particulate nature
of matter with ineffective instruction (Johnson, 1998), its misrepresentation in the science
textbooks (Adbo and Taber 2009), and teachers’ lack of understanding (Gabel, 1993). It
appears that the topic of matter continues to be problematic, which makes it a tricky topic,
according to findings from the JuxtaLearn Project. The difficulties in learning matter are not
limited to a particular point in schooling but develop across grades (Johnson, 1998). This
research will focus on this topic, which contains troublesome knowledge, seeking to address
it in practice. It will review its application in two pre-high school contexts (UK and Greece) to
show an international perspective on the teaching of matter.

3.7.1 The educational backgrounds in Greece and England
It is important to initially describe the educational background (school years and phases of
compulsory education) in Greece and England for contextual purposes. Unlike Greece,
England and Wales differ from Scotland and Northern Ireland in their secondary schools
regarding the type of school and age of transition between phases (Kind and Taber, 2005).
For this research, though, reference is only made to England.
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Table 3: Structure of the national education systems in Greece and in England

Table 4 summarises the compulsory and non-compulsory education structure in both Greece
and England. There are minor differences regarding compulsory education between the two
countries.

In Greece, the term primary refers to education between ages 6 and 12, secondary to
education between 13 and 18 and higher for post-18-year-olds. The school year in Greece
runs from early September to mid-June. Children begin compulsory education at the age of
five in pre-primary schools, and at the age of six, they enrol in the first grade (Eurydice, 2019).
Attendance at primary school is for six years and includes first, second, third, fourth, fifth and
sixth grades (corresponding to the Greek letters Α΄, Β΄, Γ΄, Δ΄, Ε΄ and ΣT’). The Ministry of
Education and Religious Affairs is responsible for supervising the organisation and operation
of primary education (including state/public and special education schools funded from public
money – and private schools funded from private sources and tuition fees).
Secondary education starts at the age of 12 up to the age of 18 and is divided into two cycles:
compulsory secondary education and non-compulsory secondary education (Eurydice, 2019).
Compulsory secondary education is provided for students aged 12 to 15 and is offered
through a three-year cycle, called Gymnasium. The non-compulsory secondary education is
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divided into a three-year cycle, provided through the General Lyceums (GEL) or High Schools,
and the Vocational High Schools (EPAL).

In England, the term primary applies to education between ages 5 and 11, secondary to
education between 11 and 18 and tertiary to education for post-18-year-olds (Eurydice,
2019). The school year in England generally runs from the beginning of September to mid- or
late July (Kind and Taber, 2005). Children begin compulsory education at five (Kind and Taber,
2005). Most children attend a publicly funded primary school, which can be a maintained
school funded via the local authority (LA or an academy with a direct funding agreement with
the government (Eurydice, 2019). Most students transfer from primary to secondary schools
at age 11, where full-time education is compulsory until 16. In some cases, though, children
attend a middle school from the age of 8/9 and transfer to secondary at 12, 13 or 14 (Kind
and Taber, 2005). Secondary schools cater to pupils from age 11 to either 16 or 18/19
(Eurydice report, 2019).

The following section discusses the national curricula set out for the primary and secondary
levels of compulsory education regarding the teaching/learning of science.The National
Curriculum or National Curricula1 state the content that must be taught to children in
compulsory education, that is, aged 6 – 15 in Greece, or 5 to 16 in England.

3.7.2 The National Curriculum for science – Greece
The current primary education National Curricula in Greece is modelled based on the CrossThematic/Interdisciplinary Curriculum Framework for Compulsory Education, as redefined
in 2011 (YΠ.Ε.Θ, 2018). The curricula applied in primary education are prepared by the
Institute of Educational Policy (IEP), which also guides the programmes of study, textbooks,
and other teaching aids (Π.Ι, 2011). There are different analytic programmes of study (APS)
for each school subject, which are configured in six levels (each of which corresponds to one
of the six grades of primary school or in fewer levels depending on the subject) (Eurydice,
2019). The APS refer to the content and distribution of teaching/learning material and records
1

In Greece, the term curriculum is used interchangeably with analytic programmes of study or syllabus. The term analytic

programmes of study (APS) will be used for comparative purposes with the corresponding English ones.
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the aims of each school subject; the educational goals; the thematic units and proposes
indicative activities and interdisciplinary work plans (ΥΠ.Ε.Θ, 2018). The choice of teaching
methods to achieve the goals is left to the discretion of teachers based on the social, cultural,
learning characteristics of students and their interests and needs (Eurydice, 2019).

Fourteen subjects are taught in primary school, all of which are compulsory2. Physical
sciences are taught in the fifth and sixth grades and Environmental study at the four lower
grades. The rest of the subjects include the Arts, Physical Education, Music, Geography,
Religious Education and more. Particular emphasis is given to integrating ICT in the
educational process across all grades and promoting the laboratory teaching of science (in
the upper grades) (Eurydice, 2019). To offer extra support to the lab teaching of physical
sciences, laboratory centres of physical sciences (EKFE) operate (Eurydice, 2019).

Teachers are obliged to implement the APS and achieve the proposed educational goals,
considering their students’ educational needs. To help teachers implement the APS and guide
them through the teaching process, there is provision for the following: teaching instructions
based on the APS of each subject by the Institute of Educational Policy; teacher books for
each subject; and collaboration with school coordinators (Eurydice, 2019). The Institute of
Educational Policy is responsible for preparing the school textbooks (for both teachers and
students). At the same time, the Ministry of Education and Religious Affairs caters for their
selection and approval.

Finally, the analytic programmes of study guide the assessment of student's performance,
which concerns not only the acquired knowledge but also the acquisition of skills and the
development of attitudes, values and behaviours (ΥΠ.Ε.Θ, 2018). A summative assessment –
in the form of written tests and essays – is carried out at the end of an instructional unit,
based on the learning objectives for each subject (Eurydice, 2019). The promotion of students
from one grade to the next is based on this type of summative assessment carried out

2 There are no official records dividing the 14 subjects into core and secondary subjects. Anecdotal evidence, however, shows

there is a common practice among teachers and schools to consider mathematics, literacy, history and science as core
subjects and the rest of them as secondary.
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throughout the year. Students are not required to sit exams to get promoted to the next
grade.

3.7.3 The National Curriculum for science - England
A National Curriculum (NC) was introduced under the Education Reform Act 1988, entitling
students to a broad and balanced curriculum and setting standards for attainment. Reenacted by the Education Act 2002, and last revised in 2014, the National Curriculum specifies
compulsory subjects, programmes of study and entitlement areas for ages 5 to 16. However,
it does not prescribe teaching hours (Eurydice, 2019). It sits alongside requirements for
religious education, relationships, sex and health education, and careers education. The NC is
compulsory for maintained schools, but academies generally adhere to the same key stage
structure for organising the curriculum (DfES, 2014; 2013).

In England, the National Curriculum document divides compulsory education into four Key
Stages; at the end of each, children take tests (Kind and Taber, 2005). According to the
Education Act 2002, which determines key stages, Primary education consists of Key Stages
1, for students aged 5 to 7 (Years 1 to 2); and Key Stage 2, for students aged 7 to 11 (Years 3
to 6). Lower secondary education is also divided into two key stages – Key Stage 3, for
students aged 11 to 14 (Years 7 to 9); and Key Stage 4, for students aged 14 to 16 (Years 10
to 11).

The NC outlines the core knowledge and attainment targets around which teachers can
develop their lessons to promote the development of students’ knowledge, understanding
and skills as part of the wider school curriculum (DfE, 2014). All schools must publish their
school curriculum by subject and academic year online. The NC includes twelve subjects
classified in legal terms as core (English, mathematics and science) and other foundation
subjects, including sex and relationship education for secondary education (DfE, 2014). All
schools must also provide religious education at all key stages (Eurydice, 2019). The Secretary
of State for Education is required to publish programmes of study for each national curriculum
subject, setting out the matters, skills and processes that must be taught at each key stage
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(DfE, 2014; 2013). Schools are free to choose how they organise their school day, as long as
the content of the national curriculum programmes of study is taught to all pupils.

3.7.4 The science programmes of study in Greece
In recent years, there has been a systematic effort to restructure and rationalise the
curriculum in primary school (Eurydice, 2019). The current view on the teaching of science
places great emphasis on understanding the nature and methodology of science to prepare
students to become informed citizens (Σκουμιός, 2015). By adopting a cross-thematic
approach, the new curriculum proposes interdisciplinary topics that embrace the idea of
problem-based and inquiry learning (Π.Ι, 2011). These topics seek to involve students in
solving real problems that have a personal meaning for themselves (think globally, act locally);
to emphasise collaboration, planning and argumentation; to take advantage of the use of ICT
in science; and develop students’ scientific literacy. The new curriculum seeks to engage
students in developing evidence-based models, arguments, and explanations, which are vital
in enhancing and demonstrating understanding of an accepted scientific viewpoint.

It is also the purpose of the new curriculum to make science more relevant to student
interests, promoting a student-centred and cooperative-based teaching model of science that
uses less the school textbook and more on the “minds-on” and “hands-on” approaches (Π.Ι,
2011). Therefore, it proposes the research-developing teaching model by Schmidkunz and
Lindeman (1992) to aid the teaching-learning sequence.
Τhe research-developing teaching model derives elements from the discovery learning theory
(Bruner, 1961), a method of inquiry-based instruction. This popular theory encourages
learners to solve problems by first inventing procedures (Roll et al. 2011); discovering critical
features of the problem (Kamii and DeClark, 1985); formulating initial models of the situation
(Gravemeijer, 1999); or analysing their peers’ work (Kapur, 2010), and then receiving explicit
instruction, whether from teachers or technology-enabled automated supports (Chase and
Abrahamson, 2015). In the research-developing teaching model, there is a structure that
helps teachers to design, plan, execute and evaluate the key elements of a course
(Schmidkunz, 1992 in Π.Ι, 2011). This model encourages students to solve problems of
scientific nature, systematise their research according to the methodological models of
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physical sciences; question their daily observations; formulate hypotheses; test these
hypotheses through experimentation; and reach valid conclusions (Π.Ι, 2011). Problemsolving and experimentation hold a valuable place in the research-developing model and add
to the design of the teaching sequence. This model consists of four stages (Π.Ι, 2011, pp. 3840) and applies in the teaching of physical sciences in both the fifth and sixth grades of primary
school3 (see Appendix 2).

The science textbook is a primary instrument used to implement the research-developing
teaching model. It is extensively used in science teaching, as it is the main instrument for
meeting the curriculum criteria and achieving the attainment goals (Lemoni, Stamou and
Stamou, 2011). The textbook guides the teaching practice, proposes lesson planning, breaks
down the learning objectives into attainment goals, analyses the teaching sequence steps,
helping to reduce the preparation time. At the same time, it relies on current scientific,
pedagogical methods (Holmeier and Schaffter, 2017).

Apart from the teacher’s book, the Pedagogical Institute also proposes two student books:
the textbook and the activity book. The student textbook provides theoretical information
about the scientific phenomena, while the activity book includes worksheets (about the
experiments) that help students to practice their scientific skills (Π.Ι, 2011). The activity book
with its worksheets is the basic instrument that supports the experimentation process at
school, and the student textbook is supplementary (Π.Ι, 2011). The activity book promotes
and engages students in scientific practices through activities and experiments. Its structure
is based on the research-developing teaching model (discussed earlier in this section), and it
is presented through the experimentation worksheets. Both the activity book and textbook
help students to become familiar with the scientific approach of phenomena (Μαραβέλης,
Κουλαϊδης και Δημόπουλος, 2014).

3

The description of the proposed research-developing teaching model is included in Section 1.7: Teaching

models (orig. Ενότητα 1.7: Διδακτικά Μοντέλα), pp. 33-41 and is the same in the Teacher Books for the
fifth grade (http://ebooks.edu.gr/ebooks/v2/classcoursespdf.jsp?classcode=K05) and for the sixth grade
(http://ebooks.edu.gr/ebooks/v2/classcoursespdf.jsp?classcode=K06) .
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Thematic units/topics of teaching: matter
Considering the purposes of the new curriculum, the Greek science programme of study sets
learning objectives that enhance students’ content knowledge and develop their skills in
scientific literacy (Π.Ι, 2011). It is designed around specific fields that meet the basic learning
objectives of physical sciences: matter and transformations; motion and stability, forces and
interactions; energy; waves and their applications in technology for information transfer
(NRC, 2012). It also aims to offer a deeper interdisciplinary understanding of the fundamental
crosscutting concepts, such as: (a) patterns, (b) cause and effect: mechanism and explanation,
(c) scale, proportion and quantity, (d) systems and system models, (e) energy and matter:
flow, cycles and conservation, (f) structure and function; and (g) stability and change (NRC,
2012).

In the Greek primary context, the science study programme is structured around nine
thematic units, which have a functional continuity and coherence across all primary grades
and continue to high school. The thematic sections are the following: life around us; energy;
electrical and magnetic phenomena; sound; machines and dynamic interactions; thermal
phenomena; light; chemical phenomena. The science programme of study for the fifth grade
includes four broad units and their sub-units; the sixth grade contains five units with their
sub-units (see Appendix 1).

Many chapters in the fifth and sixth grades science textbooks involve experiments. All subunits refer to learning objectives – what students are expected to learn by the end of the
instructional unit. Similarly, all chapters match specific attainment goals – what students
should be able to or learn to do by the end of the chapter. In the fifth grade, matter is taught
through Chapter 1: Materials and Chapter 5: Heat. In the sixth grade, matter is taught
in Chapter 2: Heat and Energy. This research concerns itself with the teaching of matter in the
fifth grade, and so the discussion following entails only the related information. Thus, the
focus of this research is on the first two units and certain sub-units, including matter as it was
identified through the Tricky Topic Process (discussed in the upcoming chapter 4, section
4.2.1). These units and sub-units correspond to specific chapters in the science textbook (for
both teachers and students).
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Table 4: The chapters in the science textbook with their related objectives and goals
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It is evident from Table 5 that the units and sub-units from the Science Programme of Study
correspond to different chapters in the school textbooks; this is because of the cross-thematic
and interdisciplinary notion that underpins the structure of the new curriculum (see the
previous section). In this line, the teaching of matter involves Chapter 1: Materials which
refers to the structure of matter (1.1) and properties of materials (1.2), and Chapter 5:
Heat that includes heat and temperature: two different concepts (5.1), melting and freezing
(5.2), evaporation and condensation (5.3) and contraction and expansion (5.4). As it appears,
the proposing teaching strategy for the topic of matter follows a hierarchical sequence (see
earlier section 2.4.4) and first presents the structure of matter and then continues with phase
changes in temperature measurement. Given the freedom that teachers have to organise and
present the instructional units according to their teaching approach, Chapters 1 and 5 can be
presented in a row or follow the recommended-by-the-curriculum sequence. In the case of
this research, the Greek teachers adopt the first strategy of teaching-related chapters one
after the other.

Also, Table 5 outlines the sub-unit 1.2: Materials and technological objects around us – Raw
materials. Chapter 1: Materials does not include any worksheets, which means that students
are not expected to carry out experiments to learn about the properties of technological
objects. Instead, it is suggested to gather information from different sources, such as the
educational websites mentioned. The rest of the sub-units, such as 1.3: Density of the
materials around us, 1.4: Mixtures, solutions, air, water and 1.5: Acids, bases, salts, shown
in Table 6 involve experimentation and worksheets, accordingly, yet they do match the
purpose of this research and will not be further discussed.

The science curriculum for the upper two grades of primary school does not recommend any
scientific model to help students understand the particulate nature of matter. Scientific
models are simplified depictions that contain a theory, concepts and/or the laws that define
the object, phenomenon or procedure under study (Βραγοτέρης και Ψύλλος, 2017). They
help students to understand and predict how an object works, how a process takes place or
how a phenomenon evolves, and they are valuable research tools for hypothesis testing
(Petridou 2008; Schwarz and White 2005). However, there is no formal provision for the use
of scientific models in the teaching of matter at primary school, according to science
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programmes of study for the fifth and sixth grade (ΥΠ.Ε.Θ, 2018; Π.Ι, 2011). Helping students
understand the general nature of scientific models is an essential goal of the
middle/secondary and high school science curriculum (Harrison and Treagust, 2000).

As for sub-units 2.2: Temperature measurement; 2.3: The effect of thermal interaction Thermal conductivity of materials; 2.4: Changing the condition of materials which correspond
to Chapter 5: Heat in our lives, which involve worksheets and thus experiments, the teaching
sequence followed is the one supported by the research-developing teaching model (see
Appendix 2).

To conclude this section, the science content teachers have to teach is mandatory for the two
upper grades (and all grades) of the Greek primary school. Still, teachers have the flexibility
to organise the teaching sequence by introducing content earlier or later than set out in the
programme of study. Similar conditions apply to the teaching of science in England, as
presented next.

3.7.5. The science programmes of study in England – UK
In the UK, students usually start to experience formal science lessons at the age of five years,
even though they have already formed a scientific vocabulary by the time they get to first
discussing matter. Since the introduction of a National Curriculum for England and Wales,
primary school students are now required to study Experimental and Investigative Science,
which includes Life Processes and Living Things, Materials and their Properties, and Physical
Processes (headings taken from the Key Stage 1 Programme of research). Therefore, primary
science lessons include the effects of physical forces like pushing and pulling, how plants and
humans grow, and how various objects sink, float or balance. These are concepts that
students have previously experienced in some form in their daily lives (Pine et al., 2016).
The national curriculum for science aims to ensure that all students (DfES, 2014, 2013).
•

Develop scientific knowledge and conceptual understanding through the specific
disciplines of biology, chemistry, and physics
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•

Develop an understanding of the nature, processes, and methods of science through
different types of scientific inquiry that help them to answer scientific questions about
the world around them

•

Are equipped with the scientific knowledge required to understand the uses and
implications of science today and for the future

The science study programs are set out year by year for Key Stages 1 and 2. Year 6 students
(aged 10-11) are in the final year of Key Stage 2, and Year 7 students (aged 11-12) are in the
first year of Key Stage 3.

Thematic units/topics of teaching: matter
According to science programmes of study for Key stages 1 and 2 in England (DfES, 2013),
students get introduced to the states of matter for the first time in Year 4 (8-9 years old), and
they need to learn how to:
-

compare and group materials together, according to whether they are solids, liquids or
gases

-

observe that some materials change state when they are heated or cooled, and measure
or research the temperature at which this happens in degrees Celsius (°C)

-

identify the part played by evaporation and condensation in the water cycle and
associate the rate of evaporation with temperature

At upper Key Stage 2, students explore various scientific phenomena and systematically
analyse functions, relationships, and interactions. In Year 5, students learn how to use
practical scientific methods, processes, and skills, including planning scientific inquiries, taking
measurements using a range of equipment, recording data and results, using results to make
predictions, reporting and presenting their findings, and identifying scientific evidence to
support or refute ideas or arguments (DfES, 2013). The content areas and main curriculum
elements include Living Things and Their Habitats; Animals, Including Humans; Properties and
Changes of Materials; Earth and Space; and Forces.
With regards to the teaching of Properties and Changes of Materials, students should be
taught to (DfES, 2013, p. 28):
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- compare and group everyday materials based on their properties, including their hardness,
solubility, transparency, conductivity (electrical and thermal), and response to magnets
- know that some materials will dissolve in liquid to form a solution, and describe how to
recover a substance from a solution
- use knowledge of solids, liquids and gases to decide how they can separate mixtures,
including through filtering, sieving and evaporating
- give reasons, based on evidence from comparative and fair tests, for the particular uses of
everyday materials, including metals, wood and plastic
- demonstrate that dissolving, mixing and changes of state are reversible changes
- explain that some changes are irreversible and result in the formation of new materials,
including changes associated with burning and the action of acid on bicarbonate of soda
The NC also provides additional notes and guidance (non-statutory) for each content area. In
the case of Properties and Changes of Materials, students must develop a more systematic
understanding of materials by exploring and comparing the properties of a broad range of
materials. They must also explore reversible changes, including evaporating, filtering, sieving,
melting and dissolving, recognising that melting and dissolving are different processes.
Students need to explore changes that are difficult to reverse, such as burning, rusting, and
other reactions, such as vinegar with bicarbonate of soda. A scientific approach to this content
area involves students carrying out tests to answer questions, such as, “Which materials
would be the most effective for making a warm jacket, for wrapping ice cream to stop it
melting, or for making blackout curtains?” They can observe and compare the changes, such
as when burning different materials or baking bread or cakes. Finally, students may research
and discuss how chemical changes impact their daily lives, for example, cooking, and discuss
the creative use of new materials such as polymers, super-sticky and super-thin materials
(DfES, 2014 pp. 28-29).

During Year 6, students must be taught to use practical scientific methods, processes, and
skills by teaching the programme of study content. Nonetheless, matter is not taught in Year
6 as it is not included in the content areas and main curriculum elements: Living Things and
Their Habitats; Animals, Including Humans; Evolution and Inheritance; Light; and Electricity.
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Regarding Key Stage 3, there is a single science program of study. Its key focus is to develop
a deeper understanding of a range of scientific ideas in the subject disciplines of biology,
chemistry, and physics. Students must start seeing the connections between the subject areas
and become aware of the big ideas underpinning scientific knowledge and understanding,
such as the links between structure and function in living organisms; the particulate model as
the key to understanding the properties and interactions of matter; and the resources and
means of energy transfer as key determinants to all these interactions. They also need to
relate scientific explanations to phenomena in the world around them and use modelling and
abstract ideas to develop and evaluate explanations (DfES, 2014).

During Key Stage 3, students must understand that science is about working objectively and
modifying explanations to account for new evidence and ideas. It is also about subjecting
results to peer review, deciding on appropriate types of scientific inquiry, evaluating results,
identifying further questions arising from their results and developing a deeper
understanding of important factors in collecting, recording, and processing data (TIMSS 2015
Encyclopaedia). Ultimately, they must use scientific vocabulary, including nomenclature,
units, and mathematical representations (DfES, 2014). Students need to engage in ‘working
scientifically’ by developing the skills and attitudes of the scientific community – for example,
scientific attitudes, experimental skills and investigations, analysis and evaluation and
measurement. Teachers can help students do so by freely choosing examples that serve
various purposes, from showing how scientific ideas have developed historically to reflecting
modern developments in science (DfES, 2014).

The science curriculum at Key Stage 3 includes biology, chemistry, and physics content areas.
In biology, the subject content includes the Structure and function of living organisms;
Material cycles and energy; Interactions and interdependencies; Genetics and evolution. In
chemistry, the content areas are The particulate nature of matter; Atoms, elements,
compounds; Pure and impure substances; Chemical reactions; Energetics; The periodic table;
Materials; Earth and the atmosphere. Finally, physics involve Energy; Motion and Forces;
Waves; Electricity and electromagnetism; Matter, and Space Physics. Considering that the
focus of this research is on matter, only the relevant areas in chemistry and physics will be
presented (DfES, 2014).
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Table 5: The content area of matter as taught in chemistry and physics in the Key Stage 3 science
programme of study for England.

As Table 6 shows, in Key Stage 3, students are taught matter through the disciplines of
chemistry and physics, which seek to provide an advanced understanding of the specific
content area. In chemistry, the particulate nature of matter introduces the three states of
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matter, their properties and their changes. In physics, matter is divided into three different
units: its physical changes, the particle model, and energy. As it appears, when students enter
Key Stage 3, they are formally introduced to one of the most central models in modern
science—the particulate model of matter. Thus, teaching about this model is an ideal
opportunity to help students understand the nature of models in the context of learning a
central scientific concept (Snir, Smith and Raz, 2003). At this point, it is vital to note that the
NC allows for variations in teaching. Different schools can teach science in different times and
ways, and there is no right or wrong timing. It is impossible, thus, for a prescribed teaching
sequence to matter to in all schools across the country. Any attempt to research a particular
science topic needs to go through the individual teaching approach that a specific teacher
within a specific school holds for their science class. For example, the English secondary
school that participated in the current study noted that the course content for science in Year
7 included the following modules: Cells and Human Body, Particles, Space, Forces and Energy,
Reproduction and Evolution, Materials, and Waves. Nevertheless, it is beyond the scope of
this research to deepen into KS3 science, and thus it will not discuss it further.

3.7.6 Summarising the differences in the teaching of matter in Greece and England
It is evident from the discussion so far that the Greek and English science programmes of
study share more similarities than differences in the proposed content areas, teaching
sequence and learning objectives. In other words, both programmes of study describe a
similar teaching sequence of knowledge and concepts. The main difference between the two
contexts is in their educational systems’ structure, regarding the various times and methods
of teaching science in different schools. This research acknowledges the above and decides
to research the two contexts for two reasons. First, to make a comparable reference of
findings beyond one country, avoid prejudgments. Second, to evaluate whether or not the
use of novel digital storytelling activities can fit within the teaching approaches (storytelling
was identified as a common practice among the English and Greek teachers) of the two
contexts.

The national curricula for both countries seek to develop students’ scientific literacy. To do
so, they set out learning objectives and attainment targets that help teachers design, plan,
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and execute their lessons to engage students in working scientifically and learning to use the
correct scientific vocabulary. The process of planning to teach is similar in both countries,
starting from the curriculum document and moves through stages (Kind and Taber, 2005) or
grades, respectively. Effective planning requires teachers to consider the time available, the
total amount of material to be taught and then develop an overall outline plan for the course
(Kind and Taber, 2005). Both countries allow teachers to freely decide on the teaching
sequence of science, meaning that they can teach each science topic at different times and in
various ways across each country’s schools.

Finally, teaching science – as in most subjects – aims to help students progress in specific
content areas. Yet, it is also vitally important that students develop a secure understanding
of each key block of knowledge and concepts to progress to the next stage or grade. Unstable
or superficial understanding will not allow genuine progression. Students may struggle at key
transition points (such as between primary and secondary school), build up serious
misconceptions, and/or have significant difficulties understanding higher-order content (DfES
2014; Π.Ι, 2011).
The following section considers the teaching sequence for matter across the two countries’
educational contexts. It examines students' understanding of matter over the years.

3.7.7 Students’ conceptions about matter
There is extensive research concerning young children’s understanding of matter (Liu and
Lesniak, 2005), undertaken in the past decades. Their findings are pretty informative because
they can aid the design of a more effective curriculum and teaching strategy (Novak, 1977).
Andersson (1990), who carried out a systematic review of that research, found that students’
conceptions about matter could be grouped into two main categories: (a) conceptions about
the particulate nature of matter (including conceptions about atoms, molecules and particle
systems) and (b) everyday conceptions about matter and its transformations (including
conceptions about chemical reactions, physical states and their changes and conservation of
matter). Based on his review, Andersson (1990) concluded that most of the studies sought to
identify and describe students’ (mis)conceptions about individual aspects of the matter
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concept, yet that there was a lack of studies investigating how students’ understanding of
matter developed with respect to both categories.
A considerable amount of research, conducted with students from as young as five up to
sixteen years old, revealed students’ common alternative ideas on the following major
aspects of the concept of matter: physical properties and change (Lee et al., 1993; Osborne
and Cosgrove, 1983), the particulate nature of solids, liquids and gases (Driver et al; 1985;
Stavy and Stachel, 1985; Séré, 1985), heat and temperature (Hitt and Townsend, 2015; Baser,
2006; Harrison et al., 1999; Vosniadou, 1994; Erickson, 1985), evaporation (Bar and Galili,
1994; Russell et al., 1989) and condensation (Johnson, 2000; 1998). This large body of
research covered grade levels from elementary to university and diverse cultural
backgrounds.

In the early 2000s, Liu and Lesniak’s (2005) carried out a comprehensive review of research
on students’ understanding of matter and identified four categories: structure and
composition; physical properties and change; chemical properties and change; and
conservation of matter (p. 436). Their conclusion was that there was still little known about
how students develop understanding of the four aspects of matter and how to foster
students’ progression in understanding matter as a core idea.

Research that followed up, within the last decade, moved significantly forward towards
investigating students’ understanding of matter, taking into account how students
conceptualised matter, to what extent students were able to explain everyday phenomena
or how students developed an understanding of matter over time (Hadenfeldt, Liu and
Neumann, 2014). Recent research focused on learning progressions for the concept of
matter, taking into account different aspects of matter to investigate students’ progression
in understanding (CPRE, 2011; Stevens et al., 2010; Smith et al., 2006;). The systematic
overview that Hadenfeldt and his colleagues (2014) provided valuable evidence supporting
students’ understanding of matter as it advanced through the years. Their findings revealed
that a ‘skeleton’ model could describe students’ progression in the understanding matter,
regarding four aspects (as identified by Liu and Lesniak’s (2005). Nevertheless, Hadenfeldt,
Liu and Neumann (2014) did not propose any instructional activities or assessments that could
help students understand matter, which the research will seek to address. There is still a gap
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in “the development of proper assessment tools that allow researchers and teachers a valid
interpretation of a student’s test scores before using this model as background” (Hadenfeldt,
Liu and Neumann (2014, p. 197). The current research considers that limitation and research’s
shift from categorising students’ conceptions to analysing students’ progression in the
understanding of matter. Thus, it proposes an activity that considers how students
understand matter and externalise and reflect on it. The aim is to engage students in the
social construction of meaning, which is associated with the development of understanding.
Doing so will provide practical guidance to teachers about the use of specific instructional
activities. It is not the purpose of this research to assess students’ progression of
understanding – with or without reference to the skeleton model of Hadenfeldt, Liu and
Neumann (2014).

Students’ conceptual progression on matter has been the centre of review by Krnel, Watson
and Glazar (1998) on the development of the understanding of matter. Their findings
suggested that students’ understanding of matter originated from their primitive actions,
such as holding, breaking, pouring, blowing and so on. The researchers argued that such
primitive actions on particular substances led to categorisation in the form of a concept or a
prototype. For example, there was the prototype/concept water, in which young students
tended to categorise all clear liquids, could be poured and wet surfaces.

After the beginning of formal education, there continues to be a key obstacle to learning
about matter and its different forms. That seems to be “the relationship between the
theoretical sub-microscopic (atomic/subatomic) level and the familiar macroscopic world”
(Adbo and Taber, 2009, p. 759), or as Liu and Lesniak (2005) described it, the existing forms
and the properties of matter. Students seem to hold naïve or common-sense views about
matter, its structure, and its changes, even after receiving formal instruction (Talanquer,
2009), which may vary even within the same grade level. A conclusion drawn is that the
difference between matter and its forms are difficult concepts to grasp at all levels and ages,
from children to adolescents (Adbo and Taber, 2009) and across different countries
(Hatzinikita et al., 2005). In this context, the following sub-sections critically examine
students’ (mis) conceptions about the particulate nature of matter and its changes, based on
research conducted in the past twenty years.
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3.7.7.1. Solids and liquids
Empirical evidence about the structure of matter and its behaviour reveals that the physical
appearance of objects, substances, and materials influence children, when they examine
them in isolation or before and after a change (Talanquer, 2009) and through their actions on
the world (Krnel, Glažar and Watson, 2005; 2003). Conducting interviews with 84 children
aged 3-13 in Slovenia, Krnel and his colleagues (2005; 2003) investigated the development of
the concept of matter. Their findings revealed that younger children (under nine years old)
tended to classify objects and matter using a mixture of extensive properties ( mass and
volume) and intensive properties ( colour and density). In comparison, older children (above
nine years old) used intensive properties most of the time. Intensive properties characterise
matter and do not change with the size, shape, or quantity of objects; extensive properties
characterise objects and are changed when objects are divided or crushed or if the number
of objects is changed (Holum, 1994). For instance, children used different actions to describe
hard rigid pieces of solid substance, granular or powdery solids or soft elastic solids, argued
Krnel, Glažar and Watson (2005; 2003). Nine-year-old children, classified frequently by colour
(all white substances together), less frequently by substance (water and glycerine = water,
balloon, and a bubble = air), followed by grouping according to the state of the substance
(liquids and granular matter together) or by action (pouring, running, blowing) or shape
(balloon and a bubble). Eleven-year-old children grouped solids in various ways, sometimes
depending on whether they were soft-paste solids or powdery solids. Thirteen-year-olds
applied the substance criterion (e.g. balloon and bubble or wood and cotton), followed by the
state of matter (liquids and solids), by action ( balloon and bubble, liquids, solids) and by
shape (balloon and bubble) (Krnel et al., 2003).

Krnel, Glažar and Watson (2005; 2003) concluded that school-age children had difficulties
recognising powders as the same substance as larger pieces, so they used different actions to
identify the substances. That was because “the intensive property of hardness of the
substances appeared to be affected when the substances were in powdered form” (Krnel et
al., 2003, p. 635). For instance, children could easily hold lumps in their hands while powders
flow through their fingers. According to Krnel and his colleagues (2003), this confusion
between the intensive properties of single grains and larger amounts of powder made it more
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difficult for children to recognise that the different forms were made of the same substance.
Another problem their participants had with powders was their tendency to treat them as
objects and group powders together because they were held in similar containers (Krnel et
al., 2003).

Similar were the findings from Stavy and Stachel’s (1985) study on understanding solid and
liquid materials with two hundred Israeli students aged five to twelve years old. Their work
reported that children had more difficulty classifying solids than liquids. Children of all ages
classified correctly rigid solids; only half the participants classified correctly non-rigid solids,
while the rest referred to non-rigid solids as a separate, intermediate group. Powders were
usually unsuccessfully classified – only sixth and seventh graders did slightly better, yet many
children classified them as liquids because they poured or as an intermediate group (Stavy
and Stachel, 1985). What can be inferred from the findings is that children understood as
solids only the rigid materials (the shape of which is difficult to change), and they did not
include non-rigid solids in this category (Stavy and Stachel, 1985).

Liquids, on the other, followed a different pattern, claimed the researchers. Their study
showed that children from an early age could successfully classify liquids. Children considered
all liquids to be made of water (water was used as a prototype for liquids) - any wet, runny
material that could be poured as a liquid was defined as water (Stavy and Stachel, 1985).
When a substance is used as a prototype, a limited number of similarities is used for
comparison (Krnel et al., 2003). So, when children described a liquid as being like water, they
made connections between the liquid and water by recognising similarities in how the two
substances responded to certain actions (Krnel et al., 2003). Children also considered the
liquid form of material as weighing less than the same mass of its solid form and weighing
more than the same mass of its gaseous form (Stavy and Stachel, 1985). The researchers
concluded that children of all ages judged materials according to their appearance and
behaviour (solidity with hardness, strength, and non-malleability) and not type. They neither
provided any definitions or explanations using terms from the particulate theory (Stavy and
Stachel, 1985). These findings enhanced previous research by Shepherd and Renner (1982),
which found that American high school students did not develop an understanding of matter
and the underpinning theory of particles, despite having received formal instruction.
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Similarly, Jones, Lynch and Reesink's (1989) study in Australia showed that students aged
seven to twelve tended to categorise solids and liquids based on how "hard/soft,
rigid/bendable, hollow/solid, space-filling/non-space-filling" they were (p. 426). Students
learned the word liquid early and used it spontaneously while identifying any unknown
colourless liquid like water (Krnel et al., 1998). Liquids were defined as substances that run,
pour, and resemble the prototype for liquids, water. Similarly, Lee et al. (1993) found that
twelve-year-old students in the USA defined liquids as wet substances that run. However,
students had problems with sticky liquids in which pouring was slower than with water (Jones
1984). Jones, Lynch and Reesink's (1989) also found that students encountered difficulties
accepting ice as a solid because it could be changed into water. As it appeared, rigidity was
considered an intrinsic and thus unchangeable enduring property; if a substance lost its
rigidity, it could not be a solid (Jones et al., 1989). The studies just mentioned aimed at
investigating how students understood matter as a concept, failing to identify practical
interventions that could help students develop a better understanding of matter. Despite
enriching the literature on students' alternative ideas about matter, the studies mentioned
above do not inform teachers "whether finding out what students know should involve
searching for their correct notions about the topic or actively probing for misconceptions"
(Pine et al., 2016, p. 92). Teachers already use various methods to find out what students
know about matter. Yet the above studies do not provide any practical guidance on how such
information can be reflected in the teaching process. The research in this thesis seeks to
address that gap in practice. It seems that matter continues to be a basic topic of interest in
primary schools across different cultural groups. Despite the different purposes and methods
that studies use to research the topic, reported data reveals some common patterns.

3.7.7.2 Gases
Children appear to have greater difficulty in conceptualising gases, which are perceived as
harder to detect and identify than liquids (Krnel et al., 1998). One feels the air, for instance,
when the wind blows (Krnel et al., 1998). Studies have shown that children are often unaware
that the air and other gases possess material character and do not consider gas as having
weight or mass (Brook et al., 1989; Stavy, 1988; Séré, 1985; 1986). Children at age nine and
eleven are found to use air as a prototype for gases (Krnel et al., 2003), although gases and
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air are considered as different substances (Krnel et al., 2005). Leboutet-Barrell (1976) based
that on children’s experience with rising or floating material gases.

Andersson (1990) stressed how students at primary and lower secondary levels rarely thought
of the air as an example of gas, as they considered them to be two separate things. In informal
English and Greek, gas was first encountered as the substance used for domestic heating and
cooking, which can probably explain their resistance to accepting air, as an example of gas.
Andersson found that younger students associated gas with something poisonous, injurious
or flammable, whereas air was related to breathing and life. Similarly, older students did not
have any clear idea that gas is a superordinate concept to air and a mixture of different gases
(Andersson, 1990). As Driver and her colleagues argued (1993), many students thought of air
and gas as having “contrasting affective connotations: the air was ‘good’, and was used for
breathing and life; gas is ‘bad’ because it may be poisonous, dangerous or inflammable” (p.
72). These studies provided rich theoretical evidence for students’ ideas about gases. They
lacked practical implications on how teachers could use students’ alternative ideas as the
starting point to design experiments that could address false beliefs. The research in this
thesis seeks to address this gap with its proposed activities.

Similar were the results from studies with French-speaking students at eleven years of age, in
the first year of secondary education (Séré 1986; 1985). Data collected from individual
interviews and questionnaires showed that students’ perception of air stemmed from
blowing and flowing wind ideas. Students also interpreted dreams, thinking, and memory
according to the notion of air. Generally, they tended to involve air in what seemed
immaterial or unexplained (Piaget, 1969). Séré concluded that young students’ thinking about
air and gases mainly depended on their perceptions before being influenced by stereotypical
views, such as “air is everywhere, or hot air rises” (1986, p. 424). Such existing knowledge is
often utilised and can lead students to hold mistaken views. As with the previous research,
Séré’s (1986; 1985) studies indicated some of the reasoning behind students’ explanations
about the gaseous state of matter.
Nonetheless, her studies and the other studies mentioned here were fundamentally based
on students’ answers to predefined questions in either the interviews or the questionnaires.
These studies did not provide any information on how teachers could practically help students
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tackle these difficulties or resolve their misconceptions. The activities reviewed in this thesis
seek to help teachers apply that in practice.

Overall, students distinguish more kinds of matter in solids because of the bigger variety of
easily perceptible properties (Krnel et al., 2003). Students often believe that matter only
exists when there is evidence of its existence; when evidence disappears, it ceases to exist
(Stavy, 1990). Piaget’s (1969) findings regarding the existence of air likewise suggest that
young students believe in the existence of air only when it moves, a fact that proves its
existence. When it does not move, it does not exist, or its existence is not permanent. Finally,
“the low incidence of classification of various substances by the state of matter indicates that
the superior concepts of solid, liquid, and gas are not naturally derived categories but more
results of schooling and science education” (Krnel et al., 2003, p. 636).

3.7.7.3 Heat and temperature
According to the science curriculum (in Greece and the UK) (see earlier section 3.7), the
introduction of the three states of matter precedes matter's physical and chemical
transformations due to temperature changes. Many students, especially young ones, face
difficulties in understanding the concepts of heat and temperature because they view a) heat
as an entity that flows out of objects; b) "cold" and "heat" as separate entities that are not
part of a continuum; (3) heat and temperature as synonymous (Driver et al., 1994; Driver et
al., 1993).

At this point, it is useful to define the concepts of temperature and heat briefly from a
scientific perspective, before examining studies about students' ideas, according to Driver and
her colleagues (1985):

"Temperature is one of the parameters that describes the state of a system. Knowledge of
temperatures (along with other parameters) is essential information for predicting the
changes which will occur in one system when it interacts with another system. Temperature
is a macroscopic property which expresses the state of agitation or disordered motion of
particles; it is therefore related to the kinetic energy of these particles (p. 53).
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Heat is a parameter that describes the interactions between systems; more precisely, it is one
process of energy transfer. It is the difference of temperatures between two systems which
determines whether heat transfer will occur. For example, when a mass of water is heated by
a gas flame, there is a difference of temperature between the flame (temperature of
combustion) and the water. So, heat is transferred from one system (gas + air) to the other
system (water)." (p. 54).

These definitions of temperature and heat indicate that the two concepts can play a
fundamental role in understanding particle movement and changes of states. For instance,
solids need to have heat added to change into liquids (melting), and reversely, liquids need
to have heat removed to turn back into a solid (freezing)4. During this process, heat is
transferred from one system to another. The object’s temperature may change, but at the
melting/freezing point, heat is added to melt or removed to freeze without any temperature
change. To the best of the author’s knowledge, existing scientific studies review heat and
temperature in isolation from other concepts related to matter – an issue that this research
aims to address this issue.

Students have already constructed numerous simple explanations about everyday
encounters involving heat and temperature before formal schooling (Driver et al., 1985).
These explanations may subsequently be integrated into the student’s explanatory
framework when they are faced with similar sorts of problems in a school setting. Part of the
confusion that surrounds students’ use of the term heat may also occur from everyday usage
of the term (Driver et al., 1985). It is often the case to hear expressions such as “close the
window” and “keep the heat in” or equally to “keep the cold out”. Such expressions tend to
imply that heat is substantive (that it resides in objects) and can make objects hotter; can be
stored in objects and transferred from one object to another; and can travel from one location
in an object to another (Driver et al., 1985). That kind of predisposition stemming from
everyday interpretations of heat as something substantial may be one of the most important
conceptual barriers students must overcome to embrace the current scientific way of thinking
4

Although it is acknowledged that not all solids melt, for example a cricket bat or a pencil, for the purposes of this research

reference is only made to the basic principles underpinning matter, according to the science program of study of the
countries referenced.
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(Erickson and Tiberghien, 1985). Science textbooks sometimes reinforce that (Thomaz et
al., 1995).

Students have great difficulty in distinguishing between the concepts of heat and
temperature because they tend "to view temperature as the mixture of heat and cold inside
an object, or simply as a measure of the amount of heat possessed by that object, with no
distinction between the intensity of heat and the amount of heat possessed" (Driver et
al., 1993, p. 126). Many students think that the temperature of a body is related to its size,
volume or the amount of stuff present (Tiberghien, 1985). Students also think of temperature
as a material property and a measure of heat. Their daily experience of touching objects
supports the idea that some substances are naturally warmer or colder than others (Driver et
al., 1993). They also think that different sensations mean different temperatures (Thomaz et
al., 1995).

This everyday usage of the term also leads students to believe that heat and temperature are
synonymous (Arnold and Millar, 1996). They can hardly differentiate between heat and
temperature because they regard hotness and coldness as two distinct properties of physical
objects, which can transfer to other objects by direct contact (Vosniadou, 1994). The
terms heat and hot are found in children's vocabulary from the early age of two to three and
are used to describe aspects of children's everyday encounters with hot objects (Erickson,
1985). It is not until they are eight or nine years old that they refer to heat as a 'state of
hotness' of a body and a continuum from cold to warm to hot (Erickson, 1985). Likewise,
students recognise the word temperature from frequent discussions about the weather,
especially at five to seven years. But, unlike heat, they do not seem to use the term
spontaneously in conversation (Erickson, 1985). Anecdotal evidence shows that, in informal
English, when someone suffers from a cold, is said to 'have a temperature' (meaning hotness),
referring to body temperature as being higher than normal. That is also evident in the Greek
vocabulary

for

science,

according

to

which

both

heat [thermoteeta,

gr] and

temperature [thermokraseea, gr] are produced from the same root, thermōs [adj.], which
means warm, hot. It is thus very common for Greek students, regardless of age, to use the
terms heat and temperature interchangeably to denote the hotness of a material.
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Students' alternative views of heat and temperature have been widely examined in several
empirical studies that used constructivist and/or conceptual-change teaching strategies to
promote students' conceptual understanding and transform their alternative views (Luera et
al., 2005; Thomaz, 1995; Stavy and Berkovits, 1980). For example, Stavy and Berkovits (1980)
developed a conflict-producing technique, which aimed to advance students' understanding
of the concept of temperature. Their findings suggested that conflict in training can improve
knowledge of temperature in individual- and classroom-training situations. The success of this
technique used by Stavy and Berkovits was based on the correct answers that students gave
to different temperature tasks depicted on cards. Although this card-presentation method is
common in science classrooms, it does not allow students to justify their thinking for the
correct or wrong answers. It is like many current classroom tests teachers use to assess
students' knowledge of science topics and concepts. If students do well in the tests, teachers
mistakenly perceive it as an indication of successful understanding.

In later years, Thomaz et al. (1995) used a constructivist teaching approach to teach heat and
temperature at an introductory level. The results showed a positive impact on promoting
students' understanding of heat and temperature. Their research (Thomaz et al., 1995)
differed from the previous one. It asked students to provide scientific reasoning in responses
to a questionnaire, with the purpose to apply them in practice and developing and testing a
teaching model. Although Thomaz et al. 's (1995) proposed teaching model was based on the
constructivist perspective that views learners as active constructors of knowledge, their
activities were limited to the standard science experiments followed by a discussion between
the teacher and students. In a similar line, Harrison et al. (1999) explored grade 11 students'
conceptions about heat and temperature, using an inquiry approach that did not consider
students' alternative ideas as wrong but limited. Findings indicated improved students'
conceptual understanding of heat and temperature and better use of scientifically correct
language. As before, the study of Harrison et al. (1999) framed itself in the traditional
teaching-science model, emphasising students' reasoning through guided teacher-student
discourse. There is a need for further research in this area that evaluates content knowledge
and the learning process itself. The research in this thesis seeks to address the gap and
advance knowledge of teaching models in a science classroom while offering students
authorship and ownership of the learning process.
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3.7.7.4 Evaporation and condensation
The concepts/phenomena of evaporation and condensation are linked to the understanding
of the concept of heat are the concepts/phenomena of evaporation and condensation. Taking
into consideration that young students’ “thinking is perception bound, the process of boiling
is more easily understood than the processes of evaporation and condensation. The reason
is the direct perceptual evidence available to students” (Hadzigeorgiou, 2015, p. 74). Studies
suggest that students face more problems with the concept of condensation than
evaporation (Johnson, 1998). According to Bar and Travis (1991), this perceptual evidence
affects mainly age levels younger than 12 years. In the case of condensation, students appear
to have difficulty accepting the idea that water in its vapour state can be present in the air.
The air is perceived as a “conduit for the water (formed), but there is no sense that the water
can be in the air as a vapour” (Bar and Travis (1991, p. 704).

Explanations of the process of evaporation reveal two problems: first, students “rely heavily
on perceptible cues and so believe that liquids simply disappear or go somewhere else during
evaporation, and second, when they realise that a gas is formed, they think that air, as the
archetype for gases, is formed” (Talanquer, 2009, p. 272). Even after formal instruction,
students five to seven years old believe that water disappears during evaporation. In contrast,
older ones, eight to eleven years old, mainly conceptualise the phenomenon as displacement
– that nothing happens to water during evaporation (Talanquer, 2009).

Osborne and Cosgrove's (1983) study showed that students from New Zealand, across the
ages of eight to seventeen, were able to associate the correct technical term with the
processes of evaporation and condensation. Still, their understanding of these scientific terms
was, most of the time, superficial. That implies that students could use labels like evaporation
and condensation precisely, but scientific explanations do not underpin their understanding
of these terms. For instance, despite formal teaching, students continue to think that air
(rather than water vapour) is in bubbles of boiling water (Osborne and Cosgrove, 1983). There
is currently limited research investigating the application of novel teaching approaches in
practice to help change these misconceptions in science learning. This research seeks to
address this gap by closely scrutinising its application in the primary science classroom.
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Bar and Travis (1991) also explored Israeli children's views on the phase change from liquid
to gas by employing multiple-choice questionnaires. Their findings revealed that although
students at the age of ten to fourteen knew that (water) vapour could change to (liquid)
water, applying that knowledge appeared to cause some difficulty. Their results confirmed
those of Osborne and Cosgrove (1983) with older students, although there are some
important differences in detail. Bar and Travis identified growing confidence in students in
the age group of six to thirteen years regarding the relationship between (liquid) water and
(water) vapour and the existence of vapour in the air. Bar and Travis claimed that "students
from a young age have an almost correct view about boiling. They understand that the liquid
changes into gas" (p. 378). Nonetheless, these studies failed to relate this to teaching practice,
which this thesis aims to review.

Johnson (1998) questioned the claims made by Bar and Travis by arguing that the authors
were not fully informed of what students understood by the gaseous state. The authors did
not seem to value the ways in which language was used and accepted statements such as
water disappears (during boiling) at face value. It could be that students used the term to
mean it could no longer be seen, or that air was used by students in the same sense adults
understand it (Tytler, 2000; Johnson, 1998). As Johnson (1998) pointed out, most children at
the age of eleven were aware that there was something called air all around us (Russell et al.
1991; Sere 1985). They often referred to it as gas, but, at the same time, they also loosely
regarded sprays, mist, steam, flames and smoke as gases (Russell et al. 1991), using the terms
interchangeably.

As with previous research, these studies outline what students know about evaporation and
condensation. However, what they lack is an activity that seeks to address students'
misconceptions and alternative conceptions, which will not be restricted to the standard
science experiments and follow-up classroom discussions. The research documented in this
thesis proposes such an activity, which will be discussed in more detail in the next chapter.
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3.7.7.5 Matter at a glance
To conclude this section, research findings show that there continue to be common firmly
held (mis)conceptions about matter, including not only the properties of the three states
(solid, liquid, gas) but also their changes (e.g. evaporation and condensation). Students’
explanations of states’ changes are often based on perceptible cues that occur from their
observations and, as a result, are unable to extend explanations of the phenomenon to other
substances (Harrison and Treagust, 2002; Krnel et al., 1998). However, of great importance
here is that existing data reveal the persistence of students’ false ideas even after formal
teaching instruction. Given the “robust nature of misconceptions in science” (Pine et al.,
2016, p. 91) and the fact that research participants are mostly students across different
grades of formal schooling, this can also reflect teachers’ difficulties in teaching specific
science topics.

One way of changing students’ misconceptions or alternative ideas suggests knowledge
restructuring, which can occur at two or more levels (Harrison et al., 1999). As the authors
explained, the first level, weak restructuring, refers to the addition of new facts and the
generation of new relations between existing concepts. Assimilation and conceptual capture
are considered examples of weak restructuring because students capture or add new
information to their previous conceptions (Harrison et al., 1999). That is similar to superficial
or surface learning, which refers to understandings that syllabus constructors, teachers and
examiners have in mind when setting out the curriculum to be studied (Entwistle et al., 2002).
The second level is radical (or strong) restructuring, implicating changes to core concepts,
conceptual structure, and the phenomena can be explained by the new theory (Vosniadou
and Brewer, 19). This level can be associated with deep learning that involves the range of
understandings that students achieve personally. Accommodation and conceptual exchange
are examples of this level of conceptual change, during which students change the way they
view a phenomenon. For instance, they transform their view of heat as a material fluid to
energy flow (Chi et al., 1994). This research seeks to review the practice-based application of
activities that engage students in science learning.
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3.8 Limitations and gaps of the reviewed literature
A careful examination of the literature on school science revealed that specific topics are
considered tricky for teachers and students, finding them hard to teach and learn accordingly.
Drawing on empirical and theoretical evidence from research on Troublesome Knowledge
(Perkins, 2008; 1999) and Tricky Topics (Clough and Adams, 2014; Clough et al., 2013) helped
to identify matter as a tricky topic in school science. Considering the proposed teaching
sequence of matter, pre-high school, in Greece and England and the scarcity of available
resources to support its tricky nature, this research focuses on the topic of matter. Aiming to
address this gap, the research in this thesis will seek to enrich evidence regarding its first two
questions:

RQ1: Whether, and, if so, how do the SEeDS and Narration activities support learners in each
of the two contexts to access, reflect upon on, and apply prior science learning?

RQ2: Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of peer
talk that research suggests can support science learning in each of the two contexts?

3.9 Chapter Summary
This chapter has reviewed research on school science and dwelled on the topic of matter due
to its troublesome and tricky nature. The existence of distinct phases of matter is considered
a threshold concept, which once understood opens up portals to previously inaccessible and
initially perhaps a troublesome way of thinking about something. Many studies investigating
students' alternative ideas about matter were placed under scrutiny, bringing to the surface
practical gaps (for primary science teachers) that might occur from translating these findings.
Identifying those gaps leads to the development of specific activities, as documented next in
Chapter 4, that seek to provide practical guidance on tackling potential difficulties in the
learning and teaching of matter.
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CHAPTER 4: THE METHOD OF CREATING THE TWO DIGITAL
STORYTELLING ACTIVITIES
4.1 Introduction
The previous three chapters closely scrutinised the theoretical underpinnings of meaning
making (Chapter 2) and acknowledged its importance in science learning (Chapter 3). Chapter
3 also dwelled on the science topic of matter, which was identified as a tricky topic worth of
focus through systematic analysis and practice-based examination. This research designed
and constructed two digital storytelling activities to address the limitations and gaps of the
reviewed literature. The first one, named SEeDS (Sequencing of Events enabling Digital
Storytelling), presents story scenes not in a predefined order. The second one, Narration,
presents story scenes in a predefined order. The creation of the two digital storytelling
activities followed the three stages of the Tricky Topic Process: identify a tricky
topic, capture student difficulties, create and assess interventions to tackle all or some
problematic parts of the tricky topic.

4.2 Preparing for the two digital storytelling activities, SEeDS (Sequencing of Events
enabling Digital Storytelling) and Narration
As a product of social interaction, the meaning making process is considered highly valuable
in science learning and teaching because it can help to unfold students' (scientific or not)
thinking. Students can engage in the process of meaning making when they create and tell
stories. Acknowledging the importance of digital storytelling in science learning and seeking
to address the existing gap in developing ideal interventions, this research created two digital
storytelling activities, namely SEeDS and Narration. This research is informed by existing
literature on troublesome knowledge and tricky topics and seeks to identify tricky topics in
practice. As such, it follows the methodology of the Tricky Topic process to identify possible
barriers in students' understanding of matter. This chapter documents the practical
identification of a tricky topic across Greece and England and presents the method of creating
the SEeDS and the Narration activities.
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4.2.1 The Tricky Topic Process (TTP)
The two digital storytelling activities were designed as interventions for teaching and learning
tricky topics, and they were created in the third stage of the Tricky Topic Process (TTP)
(https://www.open.edu/openlearn/ocw/mod/oucontent/view.php?id=72094). The choice of
the tricky topic process is based on teachers’ perceptions of student barriers to understanding
and helps to provide a practice-based focus on misunderstandings. There are other
approaches to this identification, but this approach was identified as the most appropriate
application to address this research’s practice-based questions. In what follows, the three
stages of the TTP, identify, capture and assess, are discussed.

Step 1: Identify
The first stage of the Tricky Topic Process (TTP) involves collaborative group activities.
Teachers are encouraged to think of a Tricky Topic (content producing barriers to learners
understanding) and break it down into assessable components and how these different
components are linked together to produce misconceptions in understanding. A pilot scoping
workshop was conducted in England with three secondary science teachers to establish tricky
topics in general. The participants were teachers, two chemists and one biologist, and the
workshop took place in the science lab of their sixth form school in Buckinghamshire. The first
topic they identified as the most problematic topic between Year 6 and Year 7 students was
the particulate nature of matter (see Appendix 3), with the biology teacher, Ben5, explicitly
stating that there was “a really hot topic we could really look into: the particle theory of liquids,
solids and gases... they don’t understand that”. Among the reasons that teachers gave were
that the specific topic “actually has a lot of misconceptions in and that builds on through the
key stages” (Mary, chemistry teacher) and that its “concepts are difficult” (Cathy, chemistry
teacher). They argued that students tend to “look things in isolation rather than putting
everything together…they are remembering things than understanding the relationships
between them... we’ve got that the misconceptions they develop very young, and then we
can’t correct them because they do it too often…” (Cathy, chemistry teacher). As an example,
teachers identified liquids as a key stumbling block, “because they [students] assume that the
5

All the participating teachers’ original names are not disclosed, and pseudonyms are used instead
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liquid molecules are just here and there ... miles away from each other, just rather than sliding
over each other, and they think that there is lots of space between them” (Mary, chemistry
teacher). Among other problems, they mentioned students’ difficulties in “understanding
things like density ... evaporation as well...” (Cathy, chemistry teacher) or “conduction not
linking to convection… because they [students] could actually describe conduction quite well,
and then they really struggle with describing convection” (Mary, chemistry teacher). So,
through the tricky topic process teachers were systematically supported in concurring that
there were issues in the way science is taught in schools – “even though it is done over and
over again, it’s never done properly and then they [students] switch off completely” (Cathy,
chemistry teacher). That then leads to “rote learning rather than understanding” (Mary,
chemistry teacher). The identification process through the pilot scoping workshop in England
allowed for the tricky topics workshop in a school science context for students aged ten and
twelve years old.

Following on from establishing an understanding of the English context, a second workshop
was carried out to check the transferability and applicability of tricky topics in a different
geographical context. The workshop was conducted with a Grade 5 teacher, Annie, in the
science lab of her primary school in Athens, Greece. Acknowledging that the teaching process
is more important than the whole school context, the Greek workshop involved one teacher.
This teacher provided in-depth information on the application of the science tricky topic
process in a culturally different teaching context. The Grade 5 teacher identified two tricky
topics – electricity and matter – in science among students aged 10 to 12 years old (Grades 5
and 6) (see Appendix 4). As it appeared, matter had already been identified as a transferable
concept between the different teaching contexts. The workshop allowed for a cross-reference
back to the previous workshop, ensuring the generalisability of the process. With regards to
the nature of matter, Annie identified as a stumbling block the invisible existence of matter
because students tended to believe that “matter exists only when there is proof of it. That is,
gases have neither mass nor volume. So, they can’t be heated either” (Annie, the Grade 5
teacher). In addition, she said that most of her current Grade 5 students “had never observed
the phenomenon of condensation. They have probably taken it for granted. So, when they
[students] were asked to explain why there were droplets on a glass full of ice, they could not
answer” (Annie, the Grade 5 teacher). Among the reasons that the Greek teacher gave for
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students’ difficulties in matter was the difficult vocabulary that science has in general. She
specifically argued that “the way that students verbalise science events and phenomena … it
is different from their daily talks… a different vocabulary, not so comprehensible… and they
[students] get confused trying to remember things and words” (Annie, the Grade 5 teacher).
The second workshop in Greece helped to verify and justify the applicability of matter (and
the particulate nature of matter) as a tricky topic in school science across culturally different
contexts. In other words, the English workshop identified an issue with the science topic of
matter, and the Greek workshop revealed that the issue was not isolated to one educational
context, that of England. This cross-cultural identification sought to extend the possible
generalisation of findings beyond only England or only Greece.

Once the tricky topic was identified, it was broken down into identifiable parts. These parts
consisted of specific problem examples that the teacher identified that students said, did, or
assumed, suggesting that they had found the topic tricky. These problems were then written
down into a mind map (Appendix 10), as in Figures 3 and 4 below. Some identified problems
were considered important underpinning issues that could evolve into key Stumbling Blocks
(SBs). Other problems were not considered as vital, and as such, they could link to smaller
problems that would form a Stumbling Block if put together again. The Tricky Topic process
facilitated the creation of a mind map around matter, which was systematically built upon (or
integrated) through the sequenced workshops between the English and Greek identifications.
Integrating information from the two workshops helped to develop a universal conception
for the development of the activities (Figure 3 and Figure 4).
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Figure 3: Mapping diagram for the Tricky Topic of matter, as identified by the group of English teachers
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Figure 4: Mapping diagram for the Tricky Topic of matter, as identified by the Greek teacher
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Figures 3 and 4 depict the mind maps used to identify the tricky topic of the matter. They
show numerous problem examples that both the Greek and English teachers gave regarding
their students’ difficulties in matter. Combining information from the sequenced workshops,
the Tricky Topic mapping diagrams helped structure the identified problems and summarise
them in five Stumbling Blocks (SBs). The five SBs occurred from reviewing teachers’
identification of students’ barriers as a practice-based application of the activities within
those two educational contexts (England and Greece). The five SBs were 1) movement of
particles in all states of matter; 2) existence of gases; 3) differences between melting and
freezing; 4) differences between evaporation and condensation, and 5) differences between
heat and temperature. Table 7 below shows the five SBs in a numbered order.

Table 6: The numbered order of the five Stumbling Blocks

The five SBs are not isolated categories, but they link to each other while some overlap with
others. For instance, SB1 regarding the movement of particles overlaps with SB5 regarding
temperature changes. Similarly, SB3 overlaps with SB5, as the difference between melting
and freezing regards the energy transferred due to a temperature difference. Similarly, SB2
links to SB4 because condensation changes the gaseous state. Figure 5 below illustrates the
association of the SBs. SB5 can be considered a broader SB for two reasons: a) changes in the
states of matter, such as melting, freezing, evaporation, condensation, occur at different rates
at various temperatures; b) when substances change state, aided by heating or cooling, they
gain or lose energy respectively. Heat is the energy that is transferred due to temperature
differences, and when a substance changes states, then the closeness, arrangement and
motion of its particles change.
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SB5

SB1

SB2

SB4

SB3
Figure 5: The overlapping relationship of the five SBs

The five SBs played an essential role in creating the digital storytelling activities, as they were
the main problem areas that the English and Greek teachers identified as students’ problems
and barriers. Thus, the two activities (presented in section 4.3) were constructed to tackle as
many of the five SBs as possible.

Step 2: Capture
This stage used the Problem Distiller of the online Tricky Topic Tool to capture and categorise
the information collected through Stage 1. Using the tool with teachers in their teaching
practice helped to classify problems and uncover why students the specific topic found tricky.
The Problem Distiller enabled to structure students’ problem examples into four main
categories: a) lack of underpinning pre-knowledge; b) flawed or unlinked prior knowledge; c)
terminology; d) intuitive belief. These categories provided valuable information about the
significant reasons/ factors for students’ problems and guided the design of the storytelling
activities. For instance, both the Greek and English teachers concurred that the vocabulary
students used to talk about science matched the third misconceptions category
of terminology within the Problem Distiller. As a primary reason for students’ difficulties, the
teachers argued that “they [students] didn’t use the right sort of language... there is this
language and common language... and they don’t use the right vocabulary… and then they
have difficulties to actually say what they want to say … they can’t put those words together,
they can’t actually express it, as an expression” (Cathy, chemistry teacher, English workshop).
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Step 3: Assess
In the final stage of the process, there was a discussion about possible learning activities and
interventions that could tackle one or more of the five SBs. A common teaching approach that
the English teachers shared in their science classes was drawing pictures and telling stories
through those pictures. One chemistry teacher argued that her students were “usually
drawing that in pictures and I can see what’s happening in the pictures … they’re used to see
pictures and themes and I can recognize different stages usually” (Cathy, English chemistry
teacher). The other chemistry teacher said - “with the lower attainment class, I would start
them off by getting them to use every bit of kid drawing a picture of how they think that’s
settled and then get them to write about what’s happening in the experiment; that’s how I
would do this particular question, draw a picture” (Mary, English chemistry teacher). The
Greek teacher also favoured the use of digital stories and she prepares her “own
presentations, either in PowerPoint or in movie-making applications, using pictures and
animations to introduce my students to a new science topic … or to assess one at the end of
the unit” (Annie, Greek Grade 5 teacher).
Considering all teachers’ familiarity with the use of storytelling in science and drawing on their
identification of students’ barriers, this practice-based application of the activities combined
elements from digital storytelling and problem-based learning. Digital storytelling is
considered an interesting and engaging approach that promotes critical thinking. The two
proposed digital storytelling activities were evaluated and approved by the participating
teachers of this research, as discussed next.

4.3 Developing the two digital storytelling activities, SEeDS and Narration
The third stage of the TTP previously discussed led to creating two activities based on digital
storytelling to tackle the identified SBs. Two digital storytelling activities were created to help
students to externalise their understanding of matter and engage in the process of meaning
making. The first activity (SEeDS) presented story scenes in an order that was not predefined
and the second one (Narration) in a predefined order. Both activities could be implemented
in numerous ways, individually or in groups, and the teacher would act as an observer.
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The sources used to create the digital story plot were educational material available free on
the web, such as animated videos from the BBC’s Bitesize site for KS2 science
(https://www.bbc.co.uk/education/topics/zkgg87h) or other educational channels on
YouTube (see sources in Appendix 5). The animated videos presented entertaining curriculum
material, and teachers could otherwise use them as supplementary or introductory material.
Although these videos were short in presentation, lasting a few minutes, for this research –
which sought to prevent a cognitive overload– they were broken down into smaller chunks,
and each one lasted only a few seconds. After carefully selecting and thoroughly editing the
animated videos to cover all five SBs, the videos were ordered to compose a plot about
matter. The composition of the original plot was based on both the teaching sequence of
matter as proposed in the programmes of study for science (see sections 3.7.4 and 3.7.5) and
the notion of hierarchical sequencing (see section 2.3.2) – starting with the simple
components of a topic and moving up to the more complex ones. In this case, it started with
introducing the three states of matter and continued with the changes of states/phases.

The sources’ original audio commentaries were removed, in line with the CTML theory (Mayer
2014, 2005) and the limited capacity assumption underpinning it (see section 2.4.1). So,
information would be processed to one channel, the visual channel. This visual prompt aimed
to help students create and tell a digital story while retrieving existing knowledge. The
purpose was to help students externalise their understanding of matter as they processed
and represented visual information into the auditory/verbal channel. It should also be made
clear that the composition of the original story (selection, editing, and ordering of the
animated videos) was based on the individual understanding of the creator – both a
researcher and teacher. In doing so, the creator drew evidence from current teaching
practices, existing research in both empirical and theoretical literature, and the availability of
online educational resources that matched the learning ecologies of the school classroom.
Having said that, it is acknowledged that a different teacher or researcher would make a
different composition of the story. Any biases of the researcher due to her professional
identity as a teacher are discussed in more detail in the limitations’ section in Chapter 8
(section 8.4).
The next section discusses the composition of the SEeDs and the Narration digital storytelling
activities.
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4.3.1 The SEeDS (Sequencing of Events enabling Digital Storytelling) activity
The name of SEeDS stands for the Sequencing of Events enabling Digital Storytelling
(SEeDS). The SEeDS activity involved a digital story about matter, broken down into fifteen
scenes (Figure 6), without any written (text) or verbal (audio) commentary. The SEeDS activity
was presented to students in an order that is not predefined. Students were required to
create and invent their own story by ordering and sequencing its events.

The SEeDS activity was designed as a problem-based story (section 2.2.3). The presentation
of its scenes in an order that was not predefined was considered a question that needed to
be resolved (Jonassen, 2011). As a story problem, it is open-ended and has both multiple
solutions and multiple paths or procedures to follow (Ertmer et al., 2009).

Figure 6 below shows one of the many ways of presenting the fifteen scenes of the SEeDS
activity6. The length of the scenes was purposely defined between 10-30 seconds so that the
chunks of information – that is the content of the scenes would not exceed students' cognitive
load capacity (Sweller, 2007).

Figure 6: The SEeDS activity presents story scenes in an order that is not predefined

6

Given that story scenes were presented in an order that is not predefined, their presentation to students

varied.
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The creation of the SEeDS activity was based on the five SBs identified at the first stage of the
TTP, including particles' movement in all three states of matter, the existence of gases; the
difference between melting and freezing; evaporation and condensation and heat and
temperature. Table 8 below shows which scenes corresponded to each SB.

Table 7: The five Stumbling Blocks of matter with their corresponding scenes

Annie, the Greek teacher with whom the Tricky Topic workshop was conducted, helped to
refine the SEeDS activity into its final version. In doing so, she helped to edit (trim, cut,
translate, remove audio) of each scene and then offered her input on the final product – the
story. She consented to the use of the animated clips, clearly stating that “they are really nice
videos. And the plot is easy, I don’t think they [students] will find it difficult” (from anecdotal
email communication). Similarly, Bill, the participating English science teacher, was sent the
final story in advance for approval. The English teacher also considered the animated story
appropriate for his school’s middle-attainment students. He stated that “this fit into teachers’
daily lives... and it is changing my practice, I am very keen to support” (Bill, science teacher,
secondary school), as anecdotal evidence from email communication revealed.

4.3.2 The Narration activity
The name of the Narration activity suggests "telling a story". This activity included the same
animated scenes about matter used in SEeDS, without any written or oral commentary. The
Narration activity was presented to students in its original predefined order (Figure 7), and
students had to invent the story plot.
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The Narration activity was also designed as a problem-based story. It is open to interpretation
and has multiple solutions as a story problem.

Figure 7 below shows the original predefined order of the story scenes. The ordering of story
scenes in the Narration activity did not follow the traditional narrative sequence that begins
with a problem/goal, continues with the character(s)' actions, and ends with a solution and
some possible consequences for the characters. The ordering was based on hierarchical
sequencing (Gagné, 1968), which resembles the proposed teaching sequence for science
found in Greece and the UK (section 3.7). Hierarchical sequencing suggests that learning (a
skill) starts with its simple components and then moves on to the more complex ones. The
Narration story began by introducing the three states of matter – solids, liquids, and gases.
Then it continued with the changes in conditions of the three states due to temperature
changes – such as melting and freezing and evaporation and condensation. In particular, the
order of scenes in Narration was as follow:
- Solids and their particles (scenes 1 and 2); SB1
- Liquids and their particles (scenes 3 and 4); SB1
- Gases and their particles (scenes 5, 6 and 7); SB1 + SB2
- Changing states: melting and freezing (scenes 8, 9 and 10); SB3
- Changing states: evaporation and condensation (scenes 11 and 12); SB 4
- Heat as energy and temperature as a means of measurement (scenes 13, 14, and 15); SB5
The ordering of the scenes corresponds to the five SBs as identified in Table 8 in the previous
section 4.2.1.
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Figure 7: The Narration activity with its predefined order of story scenes

To conclude this section, the design of the SEeDS and Narration activity as problem-based
stories would enable students to work independently as much as possible. The teacher would
act as an observer, prepared to step in and interact with students only if asked for guidance
and assistance.

4.4 Chapter Summary
This chapter documented the systematic identification of matter as a tricky topic across two
cultural contexts and linked it to creating two digital storytelling activities, SEeDS and
Narration. The two activities were designed as problem-based stories that were open-ended
and offered multiple solutions. The following chapter, Chapter 5, will detail the route to
implement both the SEeDS and the Narration activities in the science class, from pilot-testing
SEeDS and the data collection methods to implementing both activities in two schools, one
Greek and one English. Finally, Chapter 5 will address methodological issues regarding
research design and data collection methods, deal with ethical considerations, code and
analyse findings through a hybrid thematic analysis process.

126

CHAPTER 5: RESEARCH METHODOLOGY
5.1 Introduction
As discussed previously, a considerable body of research investigated students' barriers to
understanding specific school-based science topics, most notably the topic of matter. Yet,
there is still a gap in interventions that tackle them. Two digital storytelling activities were
created to address the existing research gaps and help to tackle some or all of the problematic
areas (Stumbling Blocks) of the tricky topic of matter (see Chapter 3). The first activity, SEeDS,
presented story scenes in an order that was not predefined, and the second activity,
Narration, in a predefined order. The design of the two activities was based on the problembased learning approach, which has multiple solutions and multiple procedures to follow. This
chapter starts by addressing the research questions that guide this research and continues
with a discussion about the research design and the appropriateness of the chosen qualitative
research methodology. Next, it sets out the background of the pilot studies that tested the
suitability of the SEeDS activity and the instruments (iPads and story app) and the data
collection methods. It then critically discusses the practical aspects of data collection, such as
the participants' selection, the settings in which the research took place, accessibility issues
and researcher reflexivity. Finally, it presents the data analysis methods and takes into
account ethical considerations and how to establish trustworthiness in qualitative research.

5.2 Purpose of study and research questions
There is an existing gap in the interventions that science teachers use to help students
overcome their difficulties understanding the tricky topic of matter. The purpose and
contribution of this research are to explore how digital storytelling may support students’
engagement in meaning-making through externalising their understanding of matter. In
particular, this research seeks to address the following research questions:

RQ1: Whether, and, if so, how do the SEeDS and Narration activities support learners in each
of the two contexts to access, reflect upon on, and apply prior science learning?
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1.1.

Whether, and, if so, how does the SEeDS activity support learners in the Greek context
to access, reflect upon, and apply prior science learning?

1.2.

Whether, and, if so, how does the Narration activity support learners in the Greek
context to access, reflect upon, and apply prior science learning?

1.3.

Whether, and, if so, how does the SEeDS activity support learners in the English
context to access, reflect upon, and apply prior science learning?

1.4.

Whether, and, if so, how does the Narration activity support learners in the English
context to access, reflect upon, and apply prior science learning?

RQ2: Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of
peer talk that research suggests can support science learning in each of the two contexts?
2.1

Whether, and, if so, how does the SEeDS activity facilitate the types of peer talk that
research suggests can support science learning in the Greek context?

2.2

Whether, and, if so, how does the ‘Narrative’ activity facilitate the types of peer talk
that research suggests can support science learning in the Greek context?

2.3

Whether, and, if so, how does the SEeDS activity facilitate the types of peer talk that
research suggests can support science learning in the English context?

2.4

Whether, and, if so, how does the ‘Narrative’ activity facilitate the types of peer talk
that research suggests can support science learning in the English context?

RQ3: Whether, and, if so, how do the SEeDS and Narration activities engage and challenge
learners in the two contexts?
3.1

Whether, and, if so, how does the SEeDS activity engage and challenge learners in the
Greek context?

3.2

Whether, and, if so, how does the Narration activity engage and challenge learners in
the Greek context?

3.3

Whether, and, if so, how does the SEeDS activity engage and challenge learners in the
English context?

3.4

Whether, and, if so, how does the Narration activity engage and challenge learners in
the English context?
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All three research questions are phrased broadly to include subsequent themes that narrow
the focus of the overarching questions. Thus, four sub-questions are constructed, seeking to
provide enriching evidence.

5.3 Theoretical perspectives and philosophical underpinnings
It is widely acknowledged (Potter, 2006; Goodson and Sikes, 2001; Crotty, 1998) that the
research design depends on the researcher choosing the most suitable methodologies and
methods, considering their underlying assumptions, providing relevant and sufficient
information data on the questions asked.

Crotty (1998, p. 3) supports that the philosophical underpinnings of the research design are
constantly “informing the methodology and therefore, providing a context for the process
and grounding its logic and criteria”. The theories supporting qualitative and quantitative
research must reflect the paradigmatic nature of contrasting ontological and epistemological
positions, underpinning the pursuing goals and research claims (Twining et al., 2017). The
underlying ontological (nature of reality) and epistemological (nature of knowledge) positions
and the research goals and questions, methods, results, and conclusions (Twining et al., 2017)
need to be aligned. The upcoming sections discuss the philosophical underpinnings that are
important to the study’s design and the choice of mixed methods as a methodology.

5.3.1 Philosophical Stance
When designing a research project, the educational researcher takes into consideration a set
of ideas, a framework (theory, ontology) that specifies a set of questions (epistemology),
which are then examined (methodology, analysis) in specific ways. Ontology refers to the
nature of reality (what is the world like). Epistemology is concerned with acceptable
knowledge (how do we know what we know) (Saunders et al., 2016). Table 9 outlines a
comparative summary of commonly used research philosophies, including their underlying
ontologies and epistemologies. The term research philosophy refers to a system of beliefs
and assumptions about the development of knowledge (Saunders et al., 2016).
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Table 8: Comparison of five popular research philosophies (based on Creswell and Plano Clark,
2018; Saunders et al., 2016; Bryman, 2012; Denzin and Lincoln, 2005).

The research questions in this thesis are similar, and it could be argued they sit within a
number of accepted research philosophies because they share comparable ontological and
epistemological beliefs. For instance, evaluation of students’ engagement with problembased activities could be situated within pragmatism, as it is recognised that knowledge is
acquired through the combination of action and reflection.
Likewise, exploring students’ views about the learning activities sits with interpretivism, as
the evidence itself and its analysis are subject to personal understandings and interpretations
and thus could take multiple meanings.
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The interpretivist approach acknowledges that “human action is inseparable from meaning”
(Scott and Usher, 2011, p. 29). In interpretivism, the reality is not objective, single, and
divisible but socially constructed, multiple, holistic and contextual (Ozanne and Hudson,
1989). Direct knowledge is, thus, not possible (Waring, 2012) because there are multiple
realities and multiple accounts (Twining, 2010). All data collection includes subjectivity – in
the sense that what one perceives depends on one’s beliefs, knowledge, and interests
(Twining, 2010). In the case of this research, for instance, students’ understanding of specific
scientific topics is already shaped by their everyday experiences, which in turn affects their
scientific thinking and reasoning. The context, meanings and ideas that students bring to the
table as part of the meaning making process they engage while working together can only
provide indirect indications of phenomena (Waring, 2012). Thus, any knowledge produced is
subject to the interpretation of these indications. Based on the ontology of interpretivism,
this research seeks to understand how students perceive and interpret the science topic of
matter while working together on a socially shared task (Garrison, 1994). The aim is to provide
rich descriptions of students’ understanding of matter by interpreting the meaning that
participants confer upon their own and others’ actions. In doing so, it will conduct a
qualitative analysis of students’ resultant digital stories and interaction transcriptions. It is
important to acknowledge that any interpretation of such situations can not be entirely
objective because of social reality’s shared and constructed nature (Scott and Usher, 2011).

Unlike interpretivism, the philosophy of critical realism views reality as external and
independent, yet not directly accessible through one’s observation and knowledge of it
(Saunders et al., 2016). The current research does not share such a perspective, as it places
great emphasis on the meanings that individuals attribute to their observation and
experience. It does not share the positivistic perspective either. The philosophy of positivism
entails working with an observable social reality to produce law-like generalisations like those
produced by scientists. ( Gill and Johnson 2010). This research does not seek to discover
observable and measurable facts or look for causal relationships to produce credible and
meaningful data (Crotty 1998). The purpose of the research is not to explain and predict
participants’ behaviour based on statistical measures but to look into and understand their
behaviour based on their interpretations.
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On a different viewpoint stands postmodernism, highlighting power relationships to question
and challenge established ways of thinking and give voice to the suppressed and marginalised
views (Saunders et al., 2016). The research in this thesis does not sit within postmodernism
either, as it does not seek to expose and question the power relationships by deconstructing
any form of data, such as texts, images, conversations, voices and numbers (Saunders et al.,
2016).

Finally, it can be argued that this research does not fit in the philosophy of pragmatism, which
considers theories, concepts, ideas, hypotheses and research findings not in abstract terms,
but in accordance with their practical applications in specific contexts (Saunders et al., 2016).
In the philosophy of pragmatism, reality is seen as the practical effects of ideas, and
knowledge is valued for enabling actions to be carried out successfully (Saunders et
al., 2016). While this research can share pragmatists’ interest in practical outcomes than
abstract distinctions, it values more the interpretations individuals make of their reality and
the meanings they create based on that.

To conclude this section, the research framework chosen for this research is based on the
philosophy of interpretivism, accepting that there are multiple meanings and realities subject
to interpretation (Denzin and Lincoln, 2018). A qualitative research design was employed to
explore science students’ meaning-making through problem-based story activities. It was
considered the most appropriate, employing qualitative data collection methods such as
digital stories, interviews, and classroom observations to capture the ‘thick description’
(Geertz, 1973) of the participants’ lived experiences. With this in mind, the following section
provides the description and justification for choosing qualitative research.

5.4 Methodology: Qualitative Research
The research questions are of prime importance when choosing appropriate research
methods (Creswell and Plano Clark, 2018) coupled with the researcher’s own beliefs about
the nature of knowledge and what it is that can be studied. As an educational researcher with
teaching and learning experience, it was important to identify the kinds of approaches that
would support answering the research questions through the most appropriate methods.
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Learners’ experiences tend to be rich, unique, and varied, such as young students’ experience
with scientific events and understanding of scientific concepts. Hence, research into this type
of understanding needs to involve methods that best capture the essence of the lived
experience.

Qualitative research methods are based on the notion that “reality is constructed by
individuals interacting with their social worlds” (Merriam, 1998, p.6). Qualitative research is
considered interpretive in this thesis, and it takes place in the participants’ natural settings
(Denzin and Lincoln, 2008). Hence, it can be argued that the researcher’s role in qualitative
research is to capture the meanings that people have constructed through their experiences
in the world and understand them. One of the most fundamental characteristics of qualitative
research is understanding the meaning that people ascribe to situations, hence
understanding people. This research uses qualitative methods to uncover how students can
use science meaning-making through specific problem-based digital stories.

Taking the interpretive nature of qualitative research into account and aiming at an in-depth
understanding of the question under study (Hoepfl, 1997), this research aims to investigate
students’ meaning making process based on their interpretations and understanding of
certain scientific concepts. In qualitative research, “the researcher becomes the instrument
for collecting data” (Arriaza et al., 2015, p. 85), suggesting that details of the data collection
process must be provided, along with information about who carries out the data collection
and who else is present, and the nature of the relationships between them (Tong et al., 2007).
Also, the researcher’s characteristics that may influence the research, including personal
attributes, qualifications, experiences, relationship with participants, assumptions, and/or
presuppositions (O’Brien et al., 2014), are discussed in detail in section 8.4. Chapter 8.
Thus, the context within which the research takes place matters (Spencer et al., 2003), so the
setting will be described in detail. Also, how the data collection process evolved as the
research progressed (O’Brien al., 2014) will be provided. This research, for example, concerns
itself with the identification workshops carried out in an English and Greek school context,
framing the tricky topic for these contexts. Doing so helped contextualise and yet generalise
the identified topic across the two educational contexts (see section 4.2.1).
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Another important characteristic of qualitative research is that researchers tend to collect
data in the field where the participants experience the issue or the problem under study
(Vrasidas, 2014). Students’ interaction during a science class is the focus of this research, and
thus, data collection is conducted in the natural setting of a school classroom during school
hours. The design of the learning activity is done to disrupt as little as possible the learning
habituate of the participating classes and school. Thus, using qualitative research methods,
this research aims to uncover why certain learning activities may work better than others and
facilitate how learners do it (Veletsianos et al., 2015). That can provide teachers with practical
guidance on using such learning tools.

On the other hand, quantitative research can yield more measurable information
about what learners do during the learning process and what learning gains they achieve. In
doing so, a quantitative researcher may enter the field with a coherent theory and structured
hypotheses of what they expect to gain from the fieldwork. This research draws on existing
pedagogical frameworks, such as problem-based learning to design the two activities, and
Mercer et al.’s (1999) typology of talk in science learning to inform the data analysis. Also, the
theoretical framework of tricky topics helped to identify matter as a tricky topic and define
its five SBs. A thorough description of the process of analysis follows in section 5.8.

To conclude, the purpose of this research is to capture the meanings that participants
constructed through their experiences and understand them. As such, qualitative research is
considered a valuable and the most appropriate methodological kit for answering the
questions of this research. Embracing the assumption that quantitative methods cannot
answer certain questions and qualitative others (Walker, 1985), the choice of qualitative
methods is based on the nature of the research. It depends on the researcher to understand
the specific problem in science learning and how to best address it.

5.4.1 Methods and Instruments
Methods are described as procedures and techniques for collecting and analysing data
(Twining, 2010; Strauss and Corbin, 1998). Different methods can be mixed and matched, and
so can quantitative (i.e. numerical) and qualitative (i.e. non-numerical) data, if they are done
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in a way that is consistent with the proposed methodology and design (Twining et al., 2017).
This research uses qualitative research to focus not on the quantity but the quality and the
richness of information collected (Decrop, 2004).

The upcoming sub-sections describe the data collection methods considered the most
appropriate and congruent with the purpose and research questions of this research. Table
10 outlines how the research questions link to the data collection methods.
Research Questions

Data collected

1) Whether, and, if so, how 9 resultant digital stories X SEeDS activity (Greek participants: 5 X
do

the

SEeDS

Narration

and Grade 5 & 4 X Grade 6)

activities 9 resultant digital stories X Narration activity (Greek participants:

support learners in each of 5 X Grade 5 & 4 X Grade 6)
the two contexts to access, 3 resultant digital stories X SEeDS activity (English participants)
reflect upon on, and apply

3 resultant digital stories X Narration activity (English participants)

prior science learning?

2) Whether, and, if so, how 9 transcripts of interactions X SEeDS activity (Greek participants)
do

the

SEeDS

Narration

and 9 transcripts of interactions X Narration activity (Greek

activities participants)

facilitate the types of peer 3 transcripts of interactions X SEeDS activity (English participants)
talk that research suggests 3 transcripts of interactions X Narration activity (English
can

support

science participants)

learning in each of the two
contexts?
3) Whether, and, if so, how 6 group interviews X SEeDS activity (Greek participants: 3 X Grade
do

the

SEeDS

and 5 & 3 X Grade 6)

Narration activities engage 6 group interviews X Narration activity (Greek participants: 3 X
and challenge learners in Grade 5 & 3 X Grade 6)
the two contexts?

3 group interviews X SEeDS activity (English participants)
3 group interviews X Narration activity (English participants)

Table 9: A summary of the data collection methods linked to each research question
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5.4.1.1 Group interviews with students
Group interviews often are used synonymously with focus groups to mean an organised
discussion with a selected group of individuals to gain collective views about a research topic
(Gibbs, 2011). Their main difference is that focus groups are interactive, dependent on the
interaction within the group who discuss a topic supplied by the researcher (Gibbs, 2011),
yielding a collective rather than an individual view. Hence, participants interact more with
each other rather than the interviewer, so the emerging views of the participants instead of
the researcher tend to predominate (Cohen et al., 2007). It is from the interaction of the
group that the data emerge. Unlike focus groups, in a group interview, the interviewer directs
the inquiry and the interaction among participants. That is done in a very structured or
unstructured fashion, depending on the researcher’s purpose (Denzin and Lincoln, 2005). In
the case of this research, the group interviewing took the form of a loosely structured
interview and concerned a naturally occurring social group (Delamont, 2012), that of primary
students, in a field setting such as a school classroom ( Bamberg, 2004). Group interviews can
also be brainstorming interviews, without any or little structure/direction from the
interviewer, or they can be very structured, with the interviewer being directive (Denzin and
Lincoln, 2005). In this research, the researcher/interviewer held a directive role, seeking to
stimulate the experiences shared by homogenous (age and attainment level) groups of
students that had worked together in a problem-based story activity. Having a homogeneous
group of people in a group interview is ideal for exploring co-constructed reality and shared
experiences, as it is easier for them to talk to one another. For instance, in the case of this
research, the young participants felt more comfortable sharing their opinions among peers
than they would do in an individual interview.

Group interviews are a valuable technique to gather information from children, as it
encourages interaction between the group rather than simply a response to an adult’s
question (Cohen et al., 2007). In this research, they were considered ideal for collecting
students’ collective views on the nature (learning process) of the digital storytelling activities
and their feelings towards them (Appendix 10). One of the advantages of group interviews is
that they use as a unit of analysis the view of the whole group and not the individual member
(Delamont, 2012; Gibbs, 2011; Cohen et al., 2007; Denzin and Lincoln, 2005). Choosing group
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interviewing as a data collection technique in this research is based on the need for a
collective group response, despite any individual differences or a range of responses within
the group. That is to “ensure that no individual is either unnecessarily marginalised or subject
to blame or being ostracised for holding a different view” (Cohen et al., 2007, p. 374).

Group interviews might be a complementary data generation method in the same study
(Delamont, 2012). In the case of this research, group interviews were used after the digital
storytelling activities as complementary data to students’ resultant digital stories and
recorded interactions. However, group interviews could “produce group think” (Cohen et
al., 2007, p. 373), discouraging individuals who held a different view or were not very
articulate or confident to speak out in front of the other group members. The researcher
ensured that all participants had the opportunity to talk. She encouraged shier or more
hesitant students to say their opinion by asking supplementary questions [or repeating the
question to each one of them personally] so that all students expressed their feelings or
thoughts about the proposed activities (see extract in Appendix 12).

The structure of the group interviews is very similar to that of focus groups. Therefore, many
guidelines for conducting focus groups also apply to group interviews. Regarding the group
size, group interviews must include no less than four up to no more than twelve participants
at a maximum, although there are no definite guidelines in terms of the size of the group
(Delamont, 2012). However, “too few and it can put pressure on individuals, too large and
the group fragments and loses focus” (Cohen et al., 2007, p. 376). Each group interview
included three to four students in this research, based on the teams they formed during the
storytelling activities. Moreover, the duration of an interview may not last longer than, at
most, fifteen minutes (Cohen et al., 2007). The group interviews in this research lasted
between ten and fifteen minutes maximum, depending on the group size – three or four
respondents respectively. Finally, considering that they were children, the language used was
simple, to the point and without ambiguity (i.e. avoiding metaphors) (Cohen et al., 2007).
Findings from the group interviews were used to validate the suitability of the SEeDS over the
Narration activity and thus provide evidence supporting such teaching practices.
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5.4.1.2 Observation
Observations are another complementary method of data collection, with the purpose to
obtain a holistic picture of participants cooperation during the activities. One of the distinctive
features of observations is that they allow the researcher to look directly at what is happening
rather than relying on second-hand accounts (Cohen et al., 2007). Observation-based
research is a common technique used in the classroom, providing the researcher with their
"own, presumably unbiased" views (Cohen et al., 2007, p. 72) of the subjects under study.
Observing students interact between them through both the SEeDS and the Narration
activities provides additional information about the value of each activity and students'
difficulties with the learning material.

For the course of observation, the researcher must become familiar with and accepted by
participants to avoid disruption during the research (Angrosino, 2012). In this line, she visited
all four participating classes before conducting the research to build rapport with students.
She kept observations as field notes in quick jottings of keywords and descriptive form of
detailed accounts of the events and learning strategies used (LeCrompte and Preissle, 1993).
The descriptive form of notes is used when identifying a particular event.

5.5 Data Collection Procedure
This section discusses the data collection process as part of the research strategy. A detailed
step by step account of the data collection procedure, along with the decisions made, is
presented. It is vital to address some of the practical and methodological issues that emerged
during the fieldwork. Next follows a presentation of the sampling strategy used to select
schools and students and a discussion of the data collection methods.

5.5.1 Sampling Strategy
This section initially describes the strategic plan for recruiting the participants and the issues
of negotiation and accessibility to the schools. Any references to the names of the participants
and the schools make use of pseudonyms.
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5.5.1.1. Selection of participants
Qualitative researchers tend to select their participants based on a non-probability sample
since they target a particular group. They are in the knowledge that this group does not
represent the wider population (Cohen et al., 2007) as it merely represents itself. In the case
of small-scale research, such as this one, the selected participants are young students aged
10-12

years

from

both

Greece

and

England.

Regarding

generalisability

and

representativeness, it does not aim to produce a statistically representative sample but to
gain a deep understanding and provide detailed student accounts. Another consideration that
needs to be addressed is the limited resources (human resource, money, time) when choosing
a particular sampling strategy over another (Flick, 2002). For instance, seeking to represent
the field by concentrating on single examples or specific sectors (Flick, 2002), such as in this
research.

It is also essential to consider that this research is cross-national and requires travelling in two
different cultural contexts. Therefore, the limited resources (money and time) influenced the
sampling procedure and the final number of the selected groups. Following a purposive,
convenient sampling technique, the criteria for selecting the schools and students (Cohen et
al., 2007) were: choosing settings, groups, and/or individuals that are conveniently available
and willing to participate in the research (Tashakkori and Teddie, 2010).

Table 11 shows the grouping of the Greek and English participants into the SEeDS and
Narration activities.
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Name of the group

The SEeDS activity

Name of activity

Engagement

with

The Narration activity
the

activity
Type of activity

SEeDS Engagement with the Narration
activity

Not predefined order of story Predefined order of story scenes
scenes
31 Greek students (10 – 12 years 30 Greek students (10 – 12 years

Number

old) formed into 9 teams, 5 X old) formed into 9 teams, 5 X

of final participants

Grade 5/ 4 X Grade 6

Grade 5/ 4 X Grade 6

11 English students (11-12 years 11 English students (11-12 years

Type of cooperation

old) formed into 3 teams

old) formed into 3 teams

Teams of 3-4 students

Teams of 3-4 students

Table 10: Allocation of participants in each activity

Greek participants
Regarding the Greek participants, students at the age of 10-12 years are in the upper two
grades of primary school. Those at 10-11 years old go to Grade 5, and 11-12 years old go to
Grade 6 (see section 3.8.1). Sixty-four primary students from four different classes consented
to participate in this research. In the two Grade 5 classes, there were 33 students – 18 in E’1
(name of the classroom) and 15 in E’2. The two Grade 6 classes counted 31 students, 15 in
St’1 and 16 in St’2. However, on the days of data collection, three students were absent – two
from Grade 5 E’1 class and one from Grade 6 St’2 – due to health issues (cold, flu), which
means that the final number of the participating Greek students was 61 in total.

Students from the four classes were divided into two digital storytelling activities. The
selection was based on the purposeful sampling technique (Patton, 2015; 2002; 1990). “A
purposeful sampling strategy does not automatically eliminate any possibility for
unsystematic selection of cases. For many audiences, purposeful sampling, even of small
samples, will substantially increase the credibility of the results” (Patton, 2015, p. 432). In this
review of sixteen types of sampling techniques used in qualitative inquiry, Patton (2015;
2002) stressed that the purposeful sample is not the same as a representative sample. “The
purpose of a small sample is credibility, not representativeness. A small, purposeful sample
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aims to reduce suspicion about why certain cases were selected for study, but such a sample
still does not permit statistical generalisation” (Patton, 2002, p. 241). Thus, for the purposeful
selection of the classes, the following were considered: first, the Greek students were mixedattainers (described next) and so a homogenous group; second, the classes consisted of a
small number of participants (described previously). The purposeful selection of the four
classes into the two activities would help to avoid controversy about potential selection bias
(Patton, 2015; 2002; 1990). Thus, for the SEeDS activity, the one Grade 5 and Grade 6 classes
were selected in the order of numbers – E’1 and St’2. For the Narration activity, the selection
was based on the reverse order of numbers (or the remaining classes), so E’2 (Grade 5) and
St’1 (Grade 6). 31 children participated in the SEeDS activity and 30 in the Narration activity.
Participants were then again allocated in small teams of three-fours, based on the criterion
of friendship, so that they would feel more comfortable working together. Teams were given
names (A, B, C etc.) based on their location in the classroom (sitting at the front, in the middle
and at the back). All of them were fluent Greek speakers. Their teachers described these
students as mixed-attainers (middle- and low-attainers), a statement that was also supported
by the students’ annual test results in various school subjects7.

Fifth grade students were taught the topic of matter (Chapter 1: Materials and Chapter 5:
Heat – see section 3.8.4 for the specifics) for the first time two months before the main study.
Sixth-grade students were taught those two chapters the year before. None of the Grade 6
students was taught Chapter 2: Heat – Temperature (see section 3.8.4) before this data
collection was conducted. Thus, Grade 5 and Grade 6 students were taught the same two
chapters with a one-year difference between them.

English participants
Concerning the English participants, it is worth mentioning that students are in the first year
of secondary schooling at the age of 11-12 years old, that is, Year 7. Twenty-four students
consented to participate in the research, but one student was absent, and another withdrew
on the data collection day. That is, a total of 22 English students took part in the study.

7

Due to school regulations regarding students’ and teachers’ data, no copies of students’ records were allowed.
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According to their school records, the specific science class was considered as mixedattainment students (middle- and low-attainers), coming from different SET ability levels. One
group of three students was diagnosed with special educational needs (SEN) and visual
disabilities, and a teaching assistant accompanied them on the study day. Year 7 students
were taught the topic of matter for the first time about a month before the research was
conducted. All participants were fluent English speakers. Half participants worked on the
SEeDS activity, and the rest on the Narration activity. Their selection was formed using
the purposive sampling strategy (Cohen et al., 2007), with the criterion of acquaintance.
English students came from different SETs, and many of them were from different classrooms;
thus, they were grouped according to their acquaintance with each other. Doing so would
benefit their cooperation when working together in teams. The English teacher, Bill, helped
to select the two groups. Then participants were free to allocate themselves in teams of three
to four, based on the criterion of friendship.

5.5.1.2 Selection of schools
Establishing connections with one Greek school occurred after existing communication with
an English primary school. The secondary school that participated in the English pilot scoping
workshop failed due to curriculum pressures and urging matters. The choice of the Greek
primary school occurred after establishing communications with a teacher who worked there
as a Grade 5 teacher. The teacher (under the pseudonym Annie) then suggested three more
teachers within her school – the other Grade 5 teacher and the two Grade 6 teachers – who
were willing also to take part. The specific primary school, located in Athens, Greece, had a
comprehensive intake and drew students from a wide range of attainment levels and social
circumstances. Its students came from an area where social and economic conditions were
relatively favourable. Students’ overall attainment was above average. The ethnic
classification of students was primarily Greek, with other mixed-race ethnicities such as Arabs
and Syrians. The proportion of those students identified as having special educational needs
was below average and the proportion of those with statements of special educational needs.
All participants, native or not, were fluent Greek speakers.
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It is important to note that the Greek teachers often used technology-enhanced/based
activities in science (and other subjects) in the classroom, making them an ecologically valid
strategy for exploring students’ work through digital storytelling activities. It is common
practice in Greek primary schools, nowadays, to use technology in the classroom, with
reference made in the official science curriculum for primary education (Information and
Communication Technologies) (ΥΠ.ΕΘ, 2018; Π.Ι, 2011). According to it, using ICT can facilitate
the science objectives so that students can be active participants in the learning process and
understand basic principles in science (for more information, see section 3.7.1). Although
there is no reference to mobile learning or mobile technology/devices (neither for science
nor any other school subject), any ICT equipment available at school can be used during the
teaching and learning process only under the teacher’s supervision (Nikolopoulou and
Kousloglou, 2019). Apart from the electronic devices (computers, laptops, tablets, interactive
boards and many more) the school owns, teachers can use their electronic equipment during
the lesson. They can do so in the context of the educational process, always following the
safety rules (protection of personal data of pupils and teachers) (Nikolopoulou and
Kousloglou, 2019). In the case of this research, the teachers of the participating students
confirmed that they frequently used electronic devices in their teaching, but not iPads.
As soon as the Greek school confirmed its participation in this research project, an English
school expressed interest. More specifically, a science teacher from an English secondary
school, who was previously involved in the JuxtaLearn Project, was interested in participating
in new projects promoting STEM learning. That helped to establish fruitful communication.
The specific secondary school, located in Brackley, Northamptonshire, was a public school
accommodating secondary schooling from Year 7 to Year 11 and had a population of 1,500
students, with averages 59% A*–C at GCSE. Students were grouped according to the needs of
the subject and to support the progress of all students. In Years 7 and 8, students were
grouped via literacy ability for a literacy block of subjects: English, geography, history, Music,
RE, drama, and PCSHE, and by their numeracy ability for a numeracy block: mathematics,
science, art, computer science and languages. The development of these groupings
responded to the attainment range of pupils, and a common structure involved a top set and
several more mixed-ability classes. At Key Stage 3, students followed a common curriculum,
and at Key Stage 4, there was a personalised curriculum for all. The school was part of the
143

Pupil Premium (PP) scheme, which provided additional funding to support students in Years
7 to 11, who belonged to low-income families, were in the care of local authority or had a
parent in the army.
Like the Greek primary school, the English secondary school favoured digital tools to support
learning. According to the school’s science curriculum for Year 7, there was a
recommendation for students to consolidate their learning at home to use BBC Bitesize
(http://www.bbc.co.uk/bitesize/ks3/science/) as the best starting place. Moreover,
according to the national curriculum for KS3 and KS4 in England, in secondary schools,
teachers should use their judgement about when ICT tools should be used (DfE, 2014).
Students’ familiarity with the BBC’s bitesize and teachers’ freedom to use ICT tools in their
lessons make digital storytelling an ecologically valid technique for exploring students’ science
understanding.

5.5.1.3 Negotiating and Obtaining Access
This research took place between February 2017 and April 2017 in Greece and in March 2018
in the UK. Greece was selected as the first context to conduct data collection. Ethical Approval
had to be sought from the Open University UK (HREC) and the Greek Ministry of Education
and Religious Affairs (DSPOPE).

Having obtained both ethical approvals in October and December 2016, the chosen Greek
primary school was contacted to ensure that this research would not affect its smooth
functioning. The Greek Headteacher was informed via phone about the research, its
objectives, the sampling, and the planned timescale – the Greek teacher confirmed the
headteacher’s consent. During the first visit to the primary school, the Participant Information
Sheet and Parent/Caregiver Consent Form (Appendix 6) were distributed. A second visit
sought to establish familiarity with the participating students and teachers.

Like with the Greek school, communication was established in advance with the key person
and the headteacher at the English secondary school. The Participant Information Sheet and
Parent/Caregiver Consent Form (Appendix 7) and the Participant Information Sheet and
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Student Consent (Appendix 8) were emailed in advance to secure permission from the
headteacher. The English headteacher was also informed via phone about the research, its
objectives, the sampling and the planned timescale, and the science teacher confirmed the
headteacher’s consent.

5.5.2 Piloting
The third stage of the Tricky Topic Process (see section 4.2.1) brought to the surface the use
of storytelling as a common teaching practice among the English and Greek schoolteachers.
Following that and acknowledging the contemporary mobile-technology affordances, an
alternative version of digital storytelling, named SEeDS, was created. Two pilot studies were
conducted to test, first and foremost, the suitability of both the instruments (iPads and digital
story app) and the creative process (not predefined order of story scenes). There was also a
need to test the feasibility of the cooperative learning environment and time allocation – so
that the SEeDS activity would not exceed the regular school timeframes (two hours were
allocated for a science class per week). Finally, piloting would help to evaluate the usefulness
of group interviews in enriching data that the primary sources would yield for analysis within
the timeframe of approximately one hour as proposed.

5.5.2.1 The first pilot study in an English school
A group of 12-year-old students from a secondary school in Milton Keynes who had previously
participated in the JuxtaLearn project was chosen to pilot the data collection methods. To
ensure that the learning process in which students would engage was comparable, they were
provided with a digital story activity in maths (division of fractions), which was selected for
three reasons. Firstly, the learning process of the activity (story-sequencing) would apply in
the final activity of the main study. Secondly, maths, like science, included a variety of topics
considered tricky. Finally, the activity was created on content that students had been recently
taught. That meant that the pilot testers would focus first on the learning process and then
on the content. By doing so, they would provide valuable information about any issues of
practicality and/or conceptual complexity that might occur with the learning process.
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The first piloting took place at the secondary school library, which turned into a learning lab
for the day. Participants were five Year 8 girls of mixed attainment. These girls were in the
same class but in different SET ability levels for Maths. They were all native English speakers.
Participants were already allocated in groups from the JuxtaLearn project (see section 3.6,
Chapter 3) based on the criterion of friendship. Students worked together on a large iPad
(tabletop) to edit a digital story that was not predefined (Figure 8). The story was broken
down into twelve scenes, presented to students in an order that was not predefined, without
any visual or audio narration. The task was to invent the plot by sequencing the story events
according to their understanding and then narrate it in their voices (see more details in (see
more details in Appendix 14). The pilot study was video recorded.

Figure 8: A group of five girls working on large iPad (tabletop) with built-in keyboard

The pilot study with the English school confirmed that both the instruments (iPads and story
app) and the learning process (story-sequencing) of the SEeDS activity were suitable for mixed
attainment students at the age of 12 years old. The tabletop enabled students to easily review
and restructure their story by dragging and dropping scenes in and out of the storyline.
However, due to its big size, it was difficult to be carried elsewhere, and so it was replaced by
regular iPads in the main study.

The girls (in the follow-up group interview) expressed that they enjoyed the predefined
structure of SEeDS because they had their “own way of doing it and not being told you have
to do this and you have to do that, and you have to work this out right now.. you can be freer
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and more independent, and it is more creative and easier” [S2, Y8]. An issue that occurred,
however, was that some of the participants did not feel comfortable with the voice recording
– “I didn’t’ really like my voice in there … I didn’t want others to hear me … I didn’t like how it
sounded … I wouldn’t do the recording again … maybe I could write them” [S4, Y8]. Bearing
that in mind, an alternative type of story commentary (hand-written commentaries) would
use in the main study.

Evidence from the video recording showed that teamwork and cooperation went well,
although some girls tended to prevail over the discussion by talking more than others. A
proposed change was to reduce the team size from five to three or four students to interact
more with each other. Also, the class teacher or the researcher would be present in the main
study to counterbalance the discussion among the team members. Moreover, the pilot study
showed that participants could work autonomously through the SEeDS activity, as they hardly
asked for any help from their teacher or the researcher. It also highlighted the importance of
students being at similar attainment levels so that there was equal participation and
continuous argumentation/reasoning.

The first piloting offered some principles for the main research. For example, completing the
study within the regular school hours seemed feasible, as the girls spent about 75 minutes
completing the task. In addition to that, the duration of the follow-up group interview was
approximately 15 minutes. Thus, the whole time spent was less than two hours (1h and 30
min), suggesting that it could be implemented within regular school hours. Furthermore, it
confirmed the suitability of using group interviewing with young students. It appeared ideal
(less intimidating than a one-to-one interview, with constant guidance/direction from the
researcher) to gather students’ (as a homogenous group) collective views about their learning
experience with SEeDS.

Finally, the use of video recordings and video-analysis of naturally occurring phenomena
could provide deep analyses of participants’ actions and interactions – like talk, bodily
behaviour, tool use. Using the method of video recording to gather data is largely contextshaped and context-dependent, which are not in the prime interests of this research. Video
analysis is better suited but not limited to qualitative-based research, as it allows for multiple
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takes on the data and various interpretations of the same data. However, the focus of this
research was on students’ verbal interactions through the learning activity, which could be
collected with the use of audio recorders. Thus, video recording was replaced by audio
recording in the main study, as the latter was considered a more appropriate method for
collecting and debating an analysis of students’ discussions.

5.5.2.2 The second pilot study in a Greek school
The second pilot study also sought to test the suitability of the SEeDS activity (the creative
process and the collaborative setting) and the feasibility of the group interviews with students
and the one-to-one interviews with teachers in the Greek context. This piloting was
conducted in the Greek primary school that took part in the main study. The pilot took place
in the school’s computer lab, and participants were twelve students aged 10 to 11 years old,
selected from the school’s two Grade 5 classes. Like the English participants of the first pilot
study, the Greek participants were of mixed attainment. They were all native Greek speakers.

This piloting embraced the three changes from the first pilot study. The tabletop was replaced
with regular iPads; the recorded script narration was replaced with commentary sheets; the
teams included three or four students only instead of five (Figure 9). The pilot study was
audio-recorded this time. The creative process was similar to the one implemented in the
English school – students had to order and narrate (in written form) the not in predefined
order story in the topic of fractions’ division in Maths, broken down into twelve scenes. The
follow-up group interviewing was conducted with one team of students. The Grade 5 teacher
was also present during the piloting, observing the teams’ cooperation and offering practical
help where needed.
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Figure 9: A group of three girls working on an iPad.

Findings from the Greek pilot study were, to a great extent, in line with those from the English
one. Greek participants liked the predefined digital story and found it interesting. As one
student stated – “I liked it a lot because we were trying to find the right ones and if we made
mistakes we could redo it many times until we got it right and this is what I liked the most”
(S1, Grade 5). Others found it challenging -“ This student and I got confused at the beginning
but then we put it [the story scenes,] in order” (S2, Grade 5); “It troubled me because the
videos we watched didn’t have any commentaries to help us understand what was happening
there” (S3, Grade 5). Participants also felt at ease with making their story comments in written
format.

There were also some differences between the Greek and the English students. One is that
Greek students needed more time to complete the SEeDS activity – about ninety minutes –
and ten extra minutes for the follow-up group interview. Thus, the total time spent on the
was 1hr and 40 minutes, confirming again that it could be implemented within school hours.
In terms of autonomy, three of the four teams asked for some help from the teacher about
practical issues with the story application (how to reorder scenes in the storyline or delete
unwanted scenes). In terms of content, three of the four teams managed to produce a
comprehensible story, with a well-defined sequencing of events and corresponding
commentaries. Only one team needed more guidance to carry out the process, and their final
story was inconsistent, unclear, with an unfinished plot.
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Regarding group interviewing, participants felt comfortable expressing their opinions in the
follow-up group interview, yielding valuable information about the SEeDS activity. The group
interviewing also revealed that fifteen minutes were enough to cover the proposed
questions (Appendix 11), and there was no need for adding extra items.

Finally, transcribing the group interview verbatim allowed for immediate reflection upon
them and enabled them to address issues of re-approach (Maxwell, 2012) towards the
interviewees' responses.

5.5.2.3 From the pilot studies to the main study
Reviewing findings from the two pilot studies across the English and the Greek contexts, the
SEeDS activity was implemented in the main study embracing the following changes:
-

The story was broken down into short scenes, without any visual or audio commentaries

-

Commentary sheets (Appendix 16) were used instead of voice-recorders

-

Teams consisted of three (to four students if necessary) instead of five

-

iPads instead of Tabletops were the main instruments as they were easier to carry and
use

-

The whole process was audio than video-recorded

-

Follow-up group interviews were conducted with some teams of students

-

Teachers could be present during the process to offer practical assistance and promote
interaction among team members (this was optional).

5.5.3 Main study
Findings from the two pilot studies helped to revise and redefine both the instruments and
data collection methods used in this research. The upcoming sections describe how the
research was carried out in two different contexts, Greece and England.
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5.5.3.1 The Greek study in Athens
The data collection was conducted from late February to early April 2017. It took place on the
school premises, in the participants’ classrooms and students were aware of the purpose of
the research. The final participating population was four classes (two Grades 5 and two
Grades 6) with sixty-one students. The study was conducted during school hours8 in four
different days (one day in each classroom). The first two days involved gathering data from
E’1 and St’2 working on the SEeDS activity. The subsequent two days included the data
collection from E’2 and St’1 working on the Narration activity.

The procedure followed was the same for both the SEeDS and the Narration activities (see
Instructions’ Protocol in Appendix 15). On the study day, the teachers introduced the
researcher to the students, who informed them that the research was from the university and
had nothing to do with their schools and teachers. The researcher also told the students that
the research’s main interest was to find out how students of their age were thinking about
some everyday science phenomena and discussing them among themselves in teams while
working on digital storytelling activities. Then they were then instructed about using the
activity on which they would work (SEeDS or Narration) and were shown how to use the iPads
and the particular story application. This introductory part lasted approximately ten minutes,
and then students worked on their assigned activity.

On the days of data collection, students worked on SEeDS or Narration from 10 to 11:30 a.m.
(2X45’=90 minutes in total). At 11.30, they went out for a short break and returned to their
classrooms at 11.45 and continued working on their activity until 12.25 p.m. (90 minutes). In
this second round of 90 minutes, most students needed about another 30 minutes to finish
their stories. In the remaining 60 minutes, they either continued with their regular classes
with their teacher or participated in the group interviews. The purpose of the group
interviews was to collect information about how students viewed the digital storytelling
activity on which they worked. The group interviews were conducted with some teams of

8

The day in Greek primary schools starts at 8.10 a.m. and finishes at 1:15 p.m., including three intervals after
every 90 minutes. Each school lesson lasts 45 minutes.
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students, which were selected using the purposeful sampling technique (Patton, 2015; 2002;
1990) (see section 5.5.1.1. Greek participants). The purposeful selection of teams to be
interviewed would help to avoid controversy about potential selection bias, considering that
such a sample did not permit generalisations (Patton, 2015; 2002; 1990). Thus, based on their
location in the classrooms, six teams from the SEeDS activity (in order from A, B, C, D, E, F)
and six teams from the Narration activity (in reverse order from I, H, G, F, E, D) took part in
the group interviews. Each group interview lasted approximately between ten and fifteen
minutes.

The SEeDS activity presented the story scenes in an order that was not predefined. Students
were free to determine the plot by making their own decisions about the ordering and
sequencing of the story scenes, based on their understanding of how the story should be.
Students were required to use all fifteen scenes, invent the story plot, give a title, and finally
narrate it by producing hand-written commentaries.

The Narration activity presented the story scenes in the original predefined order. Students
could not make any changes to the story plot. Like in the SEeDS activity, students were
instructed to invent their story plot, give a title to it, and finally narrate it by producing handwritten commentaries.

Figure 10: The same cooperative environment through the SEeDS activity (left) and the Narration
activity (right)
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Each team used one iPad placed in the centre of the table. Participants were encouraged to
use (touch on) the iPad in turns, given its limitation of single touch only. Students were given
extra sheets (numbered with fifteen scenes – see Appendix 16) to comment on the story plot.
The Grade 5 and Grade 6 teachers of the SEeDS group were present during the activities,
acting as observers and offering practical guidance and help when needed.

Students’ interactions through the activities and the group interviews were was audio
recorded. There were 12hrs of audio data and 3hrs of group interview data for analysis. All
sessions were observed, and notes were taken. Hand-written notes were then made digital.

5.5.3.2 The English study in Northamptonshire
The data collection took place in mid-March 2018 in the school’s science lab. The data
collection was conducted on a single day, starting at 9 a.m. and finishing at 11 p.m., with a
duration of two school hours (60 minutes each).
The procedure followed was the same as in the Greek primary school. After students’
allocated into teams of three to four, a brief introduction followed about the purpose of the
research and instructions about the use of activity. Students then were shown how to use the
iPads and the story application. That introductory part lasted approximately ten minutes, and
after that, they started working on their assigned activity. The science teacher offered
practical guidance to some teams which seemed disoriented and did not know how to work
through the assigned activity. A teaching assistant provided constant support to a specific
team of students with SEN from the Narration group. All students finished with their stories
within one hour. They participated in the group interviews in the remaining hour and then
continued with their regular classes with their teacher. Considering the small number of
English participants and aiming to explore in-depth the students’ views about two activities,
the group interviews were conducted with all six teams. Each group interview lasted
approximately between ten and twelve minutes.
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Students’ interaction during the two activities was audio recorded. There were 4hrs of audio
data for analysis, which were transcribed later. The session also was observed, and notes
were taken. Hand-written notes were then made digital.

5.6 Ethical Considerations
As with research projects, there are legal obligations and ethical guidelines that permeate the
whole process of research, including the stages of access and acceptance (of schools and
participants); the suitability of the design and methods; confidentiality; participants'
anonymity and the handling of data; as well as analysis and dissemination of findings. These
need to be negotiated with relative openness, honesty, accuracy, and scientific impartiality
(Cohen et al., 2007). In the context of this research, which involved the audio-recording of
students' interactions, ethical obligations and standards applied to researchers and the
participants (students and teachers) themselves. There was a need, thus, for conducting
ethically and legally sound research, ensuring that those involved in the project followed best
practices and adhered to any legal requirements. Working with students required a clear
criminal record; thus, a DBS check (Disclosure and Barring Service, previously known as
Criminal Records Bureau (CRB) was obtained at the very early stages of the research. At the
same time, the ethics form for the full study (Appendix 9) was submitted. Its first submission
was not approved, and changes had to be made before re-submitting. The final approval was
obtained in November 2016.
Moreover, another ethical approval was sought from the Ministry of Education, Lifelong
Learning and Religious Affairs for the study that would take place in Greece. That was received
in February 2017. The ethical considerations, described next, derive from the Ethical
Guidelines for Educational Research (BERA, 2011) and the Open University's ethical guidelines
and the Ministry of Education, Lifelong Learning and Religious Affairs of Greece.

5.6.1 Access to and Recruitment of the participants
After obtaining ethical approval from the Open University and the Greek Ministry of
Education, Lifelong Learning and Religious Affairs, the Greek and English schools’
headteachers were contacted for official permission. The recruitment of the Greek teachers
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occurred during an introductory meeting that overviewed the research’s purpose, the
proposed methodology and their contribution to the research. Teachers were informed that
participation was voluntary before giving verbal consent. Participants were asked again to
consent for their participation on the study days, ensuring ongoing consent monitoring
verbally. The two Greek teachers who initially agreed to participate (in the Narration activity)
finally withdrew on the days of the data collection.

5.6.2 Informed consent and the right to withdraw
All participants were asked to give written informed consent (Appendix 7) and verbal consent
at the beginning of the research. Participants were provided with information sheets and
consent forms following official ethical guidelines (BERA 2011). Considering that participants
were children, their parents/caregivers (BERA 2011) were required to give written permission
and consent. Participants were informed about the right to withdraw at any stage of the data
collection process without any reason. Participants who were not interested in taking part
would follow the standard teaching approaches they usually did. Otherwise, they would go
through a similar-to-the study activity using an iPad independently, and they would be neither
recorded nor included in the data collected. Participants had the right to withdraw at any
point during the research if they wished to no longer take part, without any explanations
necessary. If they decided to withdraw, their data would be removed from the project with
immediate effect and destroyed.

Sixty-four Greek and twenty-four English students were the original populations of the
participating classes. All students and their parents/caregivers had to provide their written
consent about participating, being audio-recorded and photographed. Consent forms were
sent electronically to Annie, the Greek teacher, and Bill, the English teacher, a month before
the study was conducted. Annie and Bill then distributed a hard copy of the consent form to
students and informed the parents/caregivers over the phone. After being constantly
reminded by Annie, most Greek students returned the consent forms within the first week
and the remaining ones in the last week of that month. English students had returned the
forms within the first two weeks. Both Annie and Bill informed the researcher that the forms
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had been returned electronically. On the first day of the study, all forms were handed to the
researcher in person.
Regarding the Greek participants, the parents/caregivers of four Grade 6 students (from the
SEeDS activity) did not consent to their children’s participation in the study. In that case, those
four students were put together in the same team and would continue with their regular
class. The parents of the remaining sixty students consented to the latter’s participation.
However, on the day of the data collection, the four students wanted to participate, and
Annie got their parents’ verbal consent over the phone. The consent was given for
participation in only one activity, allowing the students’ digital stories to be used in the final
report. No audio-recording or photographs were allowed, and neither was students’
participation in the follow-up group interviews.
Of the sixty-four participants, three students (two from Grade 5 and one from Grade 6) from
the SEeDS activity were absent from school on the days the study was conducted. Thus, the
final sample consisted of sixty-one Greek participants (see previous sections 5.5.1.)

Regarding the English participants, the parents of all twenty-four students in Year 7 consented
to their children’s full participation in the study. Yet, on the day that the study was conducted,
one student was absent, and another one felt ill during the first hour and withdrew. His data
was not included in the final report. That meant a total of twenty-two students participated
in the main study.

5.6.3 Confidentiality and anonymity
Participants were fully aware of the intended purpose of the research and that quotes from
the raw data and photographs would be used for reporting and disseminating findings to a
broader audience. Also, they were informed that data quotes would be used anonymously
had they consented to the particular use of the data. In terms of confidentiality, participants
were fully informed about the research process and its timetable through the participation
sheets and stated their willingness to get involved by giving written consent. Individuals were
ensured that no undue influence would be exerted to persuade them to participate in the

156

research. They were also made aware that taking part was entirely voluntary and that refusal
would attract no sanction.
Additionally, had they agreed to participate in the research, they were free to withdraw at
any time without giving any explanations. The two Greek teachers from the Narration activity
withdrew from the study last minute, as they were occupied with other school chores. So did
one English student who felt ill during the activity and left. Finally, confidentiality was ensured
by using coding and pseudonyms to identify the participants, and the names and locations of
the schools were not disclosed. Additionally, no information or details that could reveal the
identity of the schools and their participants would be included in the final report for the
university or any future publications.

5.6.4 Data storage
Data was recorded on digital voice recorders and transferred to a password-protected
memory stick for storage. Collected data could be shared with the participating
schoolteachers, headteachers and the supervisory team. The data shared would be
anonymised unless it regarded the participants themselves (i.e. if a schoolteacher asked
specifically for the data regarding their school’s participation). None of the participants
(students or teachers) asked for their data. For this research, findings would be disseminated
in this PhD thesis and publications.

5.7 Preparing data for coding and analysis
Like other qualitative methods, gathering and analysing data are conducted concurrently,
thus adding to the depth and quality of data analysis (Vaismoradi, Turunen and Bondas,
2013). However, collecting all the data before examining it is common to determine what it
reveals (Vaismoradi, Turunen and Bondas, 2013). For example, students’ audio-recorded
interactions, follow-up group interviews, and observation notes were analysed to collect all
relevant data.

Breaking down students’ interactions through the two digital storytelling activities
highlighted the identification of the themes and specified the thematic links’ relevance across
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categories. Then, audio recordings from the SEeDS and Narration activities were transcribed
using NVivo11 (QSR) computer software, emphasising the interactions that took place as
students worked collaboratively. Then all transcripts were reread and coded using the lineby-line technique to identify important themes (Coffey and Atkinson, 1996). The process of
line-by-line reading helps the researcher read the data, disaggregate it into conceptual units
and identify significant themes (Strauss and Corbin, 1998). Any concepts that became
apparent in the data were associated with the research questions.

The data collected sought to provide answers to the driving questions of this research. For
the first research question (R.Q.1), “Whether, and, if so, how do the SEeDS and Narration
activities support learners in each of the two contexts to access, reflect upon on, and apply
prior science learning?” the following data sources were analysed: (a) the resultant digital
stories of the Greek and English teams from the SEeDS and Narration activities; b) the
recorded interactions of the Greek and English students while working collaboratively
through the two activities. The basic data sources for this research question were the story
scripts (written commentaries) that students produced in paper worksheets (see Appendix
16) and the audio recordings which captured students’ interaction. The use of audio
recordings provided detailed and accurate transcripts as it allowed examining the recordings
unlimited times. That proved to be easier for retrieving information and analysing the findings
of this research.

For the second research question (R.Q.2) “Whether, and, if so, how do the SEeDS and
Narration activities facilitate the types of peer talk that research suggests can support science
learning in each of the two contexts?” the main data sources collected and analysed were the
recorded interactions of the Greek and English students while working together through the
two activities, SEeDS and Narration.

Finally, for the third research question (R.Q.3) “Whether, and, if so, how do the SEeDS and
Narration activities engage and challenge learners in the two contexts?”, evidence was drawn
from a) the recorded interactions of students’ collaboration across the two contexts; b) the
follow-up group interviews with teams of SEeDS and Narration students across the two
contexts.
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It is important to note that a great part of the research was conducted in Greek. Thus, data
was collected, transcribed, and analysed in Greek. This decision was based on several practical
issues and benefits for the quality of the findings. On the one hand, a large volume of data
was yielded from students’ team interactions and group interviews. On the other hand, there
was a time limitation in completing this piece of research. The purpose was to have a clear
picture of the data to code the transcripts without losing any important information that
emerged from the language itself and the implicit meanings of the participants’ answers.
Since in qualitative enquiry, the researcher is the primary “measurement device” and has the
whole responsibility for conducting a high-quality study (Miles and Huberman, 1994, p.7),
researcher’s bias can be one of the most serious threats to validity (Johnson and Christensen,
2004).For this reason, the decision to retain the transcripts in Greek would help to minimise
the researcher’s mediation and the danger of bias. Thus, only the extracts discussed and
presented in this thesis were translated into English. That also contributed to the
accountability of the research. That, however, carried some limitations, which are discussed
later in section 8.4 (Chapter 8).

5.8 Data Analysis
The research questions of this research were explored through the ontology of interpretivism,
embracing a qualitative research design because of how it “attempts to make sense of or
interpret in terms of the meanings people bring to them” (Denzin and Lincoln, 2008, p.3). This
research was based on data collected from audio recordings, resultant digital stories and
group interviews. Classroom observations were used as supplementary data.

Qualitative data analysis in this research aligns with a mixture of inductive and deductive
processes, as justified by Patton (2002). Using both analysis strategies helped to establish
rigour in the process of analysis (Fereday and Muir-Cochrane, 2006). In particular, in the
beginning, the analysis began with an inductive, data-driven analysis of teachers’ workshops
that helped to scope the whole study by identifying the tricky topic of matter across the
educational contexts of Greece and England. Then it continued with a theory-driven
deductive approach that explored the initial theoretical concepts and ideas based on the
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analysis framework. Using a deductive approach allowed to embark on the theoretical
framework of Mercer et al. (1999) about the typology of talk in science and test the
applicability of their key features on the nature of the proposed learning activities. After that,
another round of inductive analysis identified the emergent themes and issues that the
participants’ interactions revealed during their in-between collaboration (data-driven
approach).

Combining data-driven and theory-driven (a priori) processes is a considerably common
practice in qualitative research (Fereday and Muir-Cochrane, 2006; Miles and Huberman,
1994), reflecting a flexible approach to data analysis (Braun and Clarke, 2006; Patton 2002).
A more detailed account of the systematic data analysis process used in this thesis is provided
in the following sections.

The data analysis involved an overview and detailed analyses, drawing evidence from
students’ audio-recorded transcripts, resultant digital stories, and follow-up group
interviews. To understand the appropriateness and contextualise data analysis, Table
12 summarises what data was analysed and how it related to each research question.
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Table 11: Summary of the data analysis methods for each research question
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The first step of the analysis looked at the content of the two activities in a hybrid manner,
drawing on evidence from students’ resultant digital stories and recorded team interactions.
The aim was to identify if and how each activity might have supported students’ access to,
reflection and application of prior learning. The next step involved the process of inductive
analysis, placing emphasis on students’ team interactions and follow-up group interviews. It
sought to explore if and how each activity engaged and challenged learners in the learning
process. The following sections present the analysis process in more detail.

5.8.1 Thematic analysis – combining inductive and deductive analysis
Thematic analysis (TA) is a method “for systematically identifying, organising, and offering
insight into patterns of meaning (themes) across a data set” (Braun and Clarke, 2012, p.57).
Braun and Clark (2006) argue that in thematic analysis, there are two primary ways to identify
themes or patterns within data: an inductive or ‘bottom up’ way (Frith and Gleeson, 2004),
or a theoretical or deductive or ‘top down’ way (Boyatzis, 1998; Hayes, 1997). This research
uses both ways of thematic analysis. The application of TA helps to produce data-driven or
theory-driven analyses (Clarke and Braun, 2014). By focusing on the meaning across a data
set, the researcher can see and make sense of collective or shared meanings and experiences
by identifying what is common to the topic of interest (Braun and Clarke, 2012; 2006).

Thematic analysis is, thus, the analytical approach that involves the systematic development
of codes and themes (Boyatzis, 1998). The research questions in this thesis used thematic
analysis as an analytical approach to systematically develop codes and themes that answered
those questions. The analysis used the Miles and Huberman (1994) definition of codes as
“tags or labels for assigning units of meaning to the descriptive or inferential information
compiled during a study” (p. 56). The coding process includes the identification and recording
of “one or more discrete passages of text or other data items, such as parts of a picture, that
exemplify the same theoretical or descriptive idea” (Gibbs, 2011, p. 2). Thus, TA allows for the
identification of examples within the data that reflect the coding categories “guided by the
frequency and fundamentality of the issues raised by the users – that is, emphasising those
issues that occurred frequently or that were deemed of fundamental importance” (Adams et
al., 2008, p. 147).
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As summarised in Table 12, in the initial steps of thematic analysis, a detailed inductive
analysis of the topic was conducted to contextualise SEeDs and Narration. An inductive
analysis would suggest that the themes identified linked strongly to the data (Patton, 1990),
which was collected via the audio-recordings and group interviews. Data was coded without
fitting it into a pre-existing coding frame or the researcher’s theoretical preconceptions
(Braun and Clark, 2006, p. 84). In conducting an inductive analysis, two important concepts
were considered: the unit of analysis and coding (Boyatzis, 1998). More specifically, as a unit
of analysis, Boyatzis (1998, p. 62) defined “the entity on which the interpretation of the study
focused”. As a coding unit, he defined “the most basic segment, or element, of the raw data
or the information that could be assessed in a meaningful way regarding the phenomenon”.
In this research, the units of analysis were students’ resultant digital stories and talk as parts
of their collective activity. The coding units were the story plot, its commentaries, and
students’ interactions. As Boyatzis (1998) noted, the two concepts need to be related so that
“the unit of coding should have a theoretical justification, given the phenomenon of interest
and the unit of analysis, and should provide an opportunity to establish and observe a
“codable moment” (p. 64).

5.8.2 Inductive and Deductive thematic analysis – a hybrid process
A synthesis of data- and theory-driven thematic analysis guidelines (Braun and Clarke, 2006;
Fereday and Muir-Cochrane, 2006) was initially selected to address the first two research
questions – RQ1: “Whether, and, if so, how do the SEeDS and Narration activities support
learners in each of the two contexts to access, reflect upon on, and apply prior science
learning?”; and RQ2: “Whether, and, if so, how do the SEeDS and Narration activities facilitate
the types of peer talk that research suggests can support science learning in each of the two
contexts?”
The first question looked at the resultant digital stories that students produced and the
recorded interactions of students as they worked together. RQ1 was concerned with how
each activity might have supported students in accessing existing knowledge, reflecting upon
science concepts, and developing explanations about them. Considering that thinking is not
visible, the data analysis was based on indirect evidence, such as what students said (recorded
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interactions) and wrote (story scripts/commentaries). In doing so, thinking is broken down
into the following three categories, as they derive from the first research question, helping to
define the code manual:
- recalling prior learning of relevant concepts (access)
- thinking about the science concepts (reflection), and
- using prior knowledge to develop explanations or make arguments (application)

The three codes guided the analysis of the resultant digital stories and students’ recorded
interactions. Any data that did not involve talking or writing about matter were coded as sidestory comments. Those comments also included cases that gave no answers, examples where
the response was unintelligible and restatements of the text or unique responses that could
not be categorised within the above set of categories.

The second research question examined data from students’ recorded interactions as they
worked collaboratively in small teams. Findings from the analysis of students’ interactions
showed that each activity engaged students in the process of sharing ideas and negotiating
understanding. The language used could be categorised as exploratory talk, according to
Mercer and his colleagues (1999).

This hybrid process (Fereday and Muir-Cochrane, 2006; Boyatzis, 1998) of combining
inductive and deductive thematic analysis involves all the steps of the inductive, data-driven
approach and at the same time allows the researcher to use preconceived theories or prior
research as a guide for articulating meaningful themes (Boyatzis, 1998). Such preconceived
ideas are typically present even when the data-driven approach is used, but in the hybrid
process, the compare-and-contrast step helps to minimise possible distortions (Boyatzis,
1998). Using the hybrid process of analysis also helped to overcome the possibility of
researcher biases in the qualitative analysis of SEeDS against the other activity, considering
the researcher’s involvement in developing SEeDS. In the case of this research, the hybrid
process of analysis started as theory-driven and progressed to data-driven coding and
analysis, including eight interwoven phases, as outlined next in Table 13 below:
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Table 12: The seven phases of the hybrid process of thematic analysis used in this research
(adapted from Clarke and Braun, 2014; Braun and Clarke, 2006; Fereday and Muir- Cochrane; 2006
Boyatzis, 1998).

Phase 1: The first analysis phase included familiarisation with all the transcribed data from
students’ recorded interactions. Familiarisation was based on the initial line-by-line reading
and re-reading of all recorded data using the Word document. Using the Word document
provided the opportunity to keep notes and mark ideas for coding that would allow coming
back to in subsequent phases. Figure 11 gives a summary of the initial reading of data.
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Figure 11: First phase of inductive analysis – familiarisation with data in Word

The aim was to identify anything interesting or relevant in the data to answer the first
research question. In this sense, excerpts from data were coded in various ways to fit the
purpose (Braun and Clarke, 2012; 2006). Initial ideas, thoughts, and reflections on explicitly
or indirectly observed data were noted down.

Phase 2: The second phase began after having generated an initial list of ideas about what
was in the data and what was interesting about them (Braun and Clarke, 2006). This phase
involved the production of initial codes from the data. Data sets were imported into NVivo,
which allowed the organisation of information into codes. Working systematically through
the entire data set while giving careful attention to each data item helped identify interesting
aspects in the data items that could form the basis of repeated patterns (themes) across the
data set (Braun and Clarke, 2006). Figure 12 outlines the initial codes created from the data.
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Figure 12: The initial codes created from the data

Coding data in NVivo allowed highlighting and colour-coding potential patterns by identifying
data segments, as seen below. Figure 12 shows the number of initial codes created using
NVivo.
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Figure 13: Second phase of inductive analysis: initial codes applied to data

Figures 12 and 13 show how the initially identified codes were matched with data extracts
demonstrating that code. In this phase, all actual data extracts were coded and then collated
together within each code using NVivo. The coding process was part of the analysis (Miles and
Huberman, 1994), as data was organised into meaningful groups (Tuckett, 2005). Yet, the
coded data differed from the units of analysis (themes), which were broader. Later phases
included a more interpretative analysis of the data, which related to the arguments about the
phenomenon being examined (Boyatzis, 1998).

Phase 3: In the third phase, a code manual (theory-driven) was created that allowed
managing data for organising segments of similar or related text to aid interpretation
(Crabtree and Miller, 1999). Using a code template provided a clear trail of evidence for the
credibility of the research. According to the research questions, the template was
developed a priori, drawing on the pedagogical frameworks outlined in the literature review
(Chapters 2 and 3). A code manual (see Appendix 17) was developed before searching for
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these codes in the primary data, and it represents the basis for organising an initial coding of
the students’ resultant digital stories, recorded interaction, and observational data. Three
broad code categories formed the code manual, which was written with reference to Boyatzis
(1998) and identified by:
•

The code label or name

•

The definition of what the theme concerns, and

•

A description of how to know when the theme occurs.

An example of the four initial codes (Table 20 in Appendix 17) developed is presented as
follows:
•

Access: how the activity supported students in recalling prior learning of relevant
science concepts

•

Reflection: how the activity facilitated thinking about the science concepts

•

Application: how the activity facilitated learners to use prior knowledge, for example,
to develop explanations or to make arguments

•

Types of talk: how the activity helped (or not) speakers to engage with each other’s
idea critically and constructively.

According to the science programmes of study in Greece and England, the first three codes
are associated with students’ prior knowledge about the topic of matter, as it was taught at
school. Aiming to examine how the two activities might have supported students across the
two contexts, the relevant science concepts included in the topic of matter were linked to the
five Stumbling Blocks (Table 21 in Appendix 17).

After the line-by-line reading of data as informed by the research questions (Table 12, section
5.8.1), the resultant digital stories (plots) and the transcripts from students’ team interactions
were read and coded in NVivo 10 using the categories from the code manual. Then, the
transcripts were reread, compared, and contrasted with the various categories. The codes are
not all mutually exclusive. The same text from team interactions sometimes was coded using
more than one of those codes. Some of them were also sub-categories of the principal codes.

170

The last code, Types of talk, was developed based on the relevant literature on the typology
of talk as it occurs when students work collaboratively on a task in a science class (Mercer and
Littleton, 2007; Mercer et al., 1999). When students collaborate to carry out an assigned
science task, their discussions can include constructive arguments and critical thinking, which
are seen as key features of exploratory talk. Exploratory talk represents “a joint, coordinated
form of co-reasoning in language, with speakers sharing knowledge, challenging ideas,
evaluating evidence and considering options in a reasoned and equitable way” (Mercer and
Howe, 2012, p. 16). Mercer and his colleagues were among the first who investigated the
validity of exploring students’ use of talk as a tool for reasoning and carrying out a
collaborative approach in the study of mathematics and science (Mercer and Sams, 2006;
Mercer et al., 2004; Mercer et al., 1999).

As such, the code Types of talk was analysed as follow:
Code label: Three types of student talk
Definition: Students’ instinctive use (or lack) of critical and coordinated reasoning and
constructive arguments without having received any training
Description: Episodes are coded as exploratory talk when students engage critically but
constructively with each other’s ideas; disputational talk when students explicitly challenge
any claims made by team members; and cumulative talk when students share and build
information in an uncritical way (Table 22 in Appendix 17).

Phase 4: The fourth phase was concerned with theory-driven coding. Transcripts were edited
in NVivo, which provided the opportunity to refine, merge or delete coding as necessary. This
step began after all data had been initially coded and collated, and there was a long list of the
different codes that were identified across the data set (Braun and Clarke, 2006). When
starting to analyse the codes, it was considered how different codes might combine to form
an overarching theme. The data was coded systematically across transcripts by collating data
relevant to each a priori code (Braun and Clarke, 2006; Boyatzis, 1998). Coding, classifying,
and labelling the data in this stage were based on observations made to determine the
engagement points of the participants in relation to the theory-driven codes. Each code was
used as a label attached to an excerpt from the audio-recorded data. That demonstrated its
importance as a theme and/or concept, as demonstrated in Figures 14 and 15 below.
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Figure 14: Fourth phase of analysis: matching a priori codes with data-driven codes

Figure 15: Collating data relevant to each a priori code
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The subsequent three phases of the analysis (Phases 5, 6 and 7 as outlined earlier in Table 13)
were conducted as an iterative process. Particularly, during Phase 5, the process included
reviewing and revising the theory-driven codes in the context of the audio data. The focus
was on the code labels’ appropriateness, the codes’ definitions and on how the codes were
applied or were going to be applied to the data (DeCuir-Gunby et al., 2011; Boyatzis, 1998;).
The code labels needed to be conceptually meaningful, clear, concise, and related to the
collected data of the study (Boyatzis, 1998). The reliability, utility, and applicability of the
codes to the new data was achieved by closely reading through each audio transcript line by
line and applying the initial codes to the text to identify meaningful units of text (DeCuirGunby et al., 2011; Boyatzis, 1998). The analysis, thus, focused on a consistent observation,
labelling and interpretation of the codes. The importance of the process is emphasised by
how it affects the potential utility of the code and the research findings resulting from using
the code” and subsequently the “potential for replication, extension, and generalizability of
the research” (Boyatzis, 1998, p.144).

At the fifth phase, while reviewing the theory-driven codes, further coding was undertaken
as inductive (data-driven). As observed in the audio transcripts, codes were assigned to the
data segments that illustrated a new idea or a concept (Fereday and Muir-Cochrane 2006).
This inductive analysis involved a combination of the continuous refinement of the initial
codes and the development of the new data-driven codes (Ezzy, 2002; Boyatzis, 1998). This
process enriched the depth of analysis and offered a refined understanding of the data, as
shown in Table 14. The aim was to successfully allow the codes to emerge to adequately
address all the sections of the data set and answer the research questions.
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Table 13: Phase 5 of analysis – further coding/data driven codes

Phase 6: The sixth phase of the data analysis involved sorting and collating codes by
identifying potential patterns, categories, themes and relationships that would explain the
findings. The process of discovering themes, patterns and relationships in the data was
achieved by linking the theory- and the data-driven codes (Boyatzis, 1998). In doing so,
possible similarities and differences among the diverse data sources, areas of interest, areas
of consensus and potential conflict emerged, and clustered themes were directly linked to
the research questions. Throughout this phase, the analysis of the relevant data involved an
iterative, non-linear process in which the identification of key concepts, themes and their
relationships were confirmed or disconfirmed (Fereday and Muir-Cochrane 2006).

A benefit of using the hybrid thematic analysis process is found in the combination of theorydriven, and data-driven codes, which allowed to code identified themes or concepts that are
linked to the theory but also to those that emerged or evolved from the primary data itself
(DeCuir-Gunby et al., 2011; Fereday and Muir-Cochane, 2006). In particular, the a priori codes
used in the analysis, which were based on Mercer et al. (1999) talk framework, resulted from
the teachers’ guidance on student talk in group tasks (section 2.2.5). By contrast, students in
this research were not guided to use exploratory talk during their cooperation. Thus the
primary data collected included examples of the three types of talk that Mercer et al. (1999)
proposed, along with others that were either collated or discarded. For instance, the
code assignment of roles, which included the sub-codes writing the commentaries/script,
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making sketches or keeping notes on paper, and dragging and dropping scenes, was discarded
as it was not regular across the data. That approach, therefore, provided the opportunity to
refine both codes and themes, determining their credibility (Fereday and Muir-Cochane,
2006) and, at the same time, to organise and re-organise them in “free nodes” or “tree nodes”
(hierarchical and parallel coding). Critical thinking and reflexivity were necessary during this
stage (Ezzy, 2002). They were simultaneously employed to confirm that the codes were
sensitive to the data they contained (i.e., the data coded to each node) and that each thematic
grouping of codes was meaningful and concise.

Phase 7: During the seventh phase, emphasis was placed on refining the codes and themes
at the level of the collated data extracts (all the collated extracts for each theme) and the
individual themes in relation to the whole data set, as seen in Table 15. Refining the themes
sought to identify what each theme was about, in line with the themes overall and deciding
what aspect of the data each theme captured (Braun and Clarke 2006). It should be stressed
that the collated data extracts of each theme were reviewed and organised into a coherent
and internally consistent account. At this point, the collated data extracts were checked for a
second time for consistency to validate the conclusions drawn from the themes (Bazeley and
Jackson, 2013). As Braun and Clarke (2006) noted, the process of coding data and generating
themes could be an endless one. The saturation point was reached when further analysis of
the evidence provided little in terms of further themes, insights, perspectives or information
in a qualitative research synthesis (Suri, 2011), and there were no new meanings and/or
findings in the data. At this stage, a good understanding was gained of the diverse themes,
how they fit together, and the overall story they could tell about the data.
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Table 14: Phase 7 of analysis – refining and collating theory-driven and data-driven codes

Phase 8: The final stage of the data analysis referred to writing-up findings and discussing
them in the upcoming Chapters 6 and 7. In particular, the process included a selection of vivid
extract examples, the final analysis of the selected extracts, linking the analysis with the
research questions and literature and, finally, producing a scholarly report of the analysis
(Braun and Clarke 2006). These are presented analytically next in Chapter 6. The aim was to
present a concise, coherent, logical, and insightful account of the data by providing sufficient
evidence of the themes within the data, supported by rich data extracts. The selected data
extracts were compelling examples, capturing the essence of the point illustrated. The data
in the discussion chapters is presented concerning two different contexts. The purpose of
indicating the data extracts' origin in this manner was for contextualising the data, which
allowed enhancing transparency as to where the data came from.
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5.8.3 Inductive Thematic Analysis – Addressing research question 3
The process of inductive thematic analysis was undertaken to provide answers to RQ3:
“Whether, and, if so, how do the SEeDS and Narration activities engage and challenge learners
in the two contexts?” The final question of this research referred to how each activity might
have engaged and challenged students. In the process of inductive analysis (section 5.8.2)
discussed in the previous section, data from students’ group interviews and teams’ recorded
interactions was sequentially analysed to produce the themes outlined in Table 16.

In the first phase of inductive analysis (Phase 1, Table 13, section 5.8.2) there was
familiarisation with all the transcribed data from students’ group interviews and recorded
interactions. Data excerpts were then coded in various ways to best address the research
question. After reviewing the data, some initial codes were created (Phase 2, Table 13).
Conducting a systematic review of the entire data set helped to identify repeated patterns
(themes) across the data set (Braun and Clarke, 2006) (Phase 6, Table 13). Finally, codes and
themes were refined at the level of the collated data extracts and were related to the whole
data set (Phases 7 and 8, Table 13), as seen in Tables 16 and 17.
Codes

Description

Ownership
of Creation

Examples
You 've got to find out the answers like work out

How

each

activity yourself (S1, SEeDS)

engaged students if it did Ours [activity] I think was more fun because it’s very
Fun/

so

confusing when you have to order the scenes (S1,

Enjoyability

Narration)

Conceptual

How

each

activity We had to think harder about how to order the

complexity

challenged students if it scenes and we didn’t know where to start (S, SEeDS)
did so

Table 15: The final codes created from students’ group interviews data

The findings identified two themes related to engagement: Ownership of Creation and Fun/
Enjoyability, and one theme for challenge: Conceptual complexity.
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Table 16: The final codes created from students’ recorded interactions data

Findings will be presented in more detail in Chapter 6 and discussed extensively in Chapter 7.

5.8.4 Ensuring trustworthiness of the research
Constructs of validity and reliability apply to different types of research, and the way they are
addressed varies according to the approach used (Cohen et al., 2007). The two constructs are
mainly related to positivist research seeking to check the robustness or strength of research.
However, within a qualitative methodology, these constructs are “problematic because they
conflict with relativist ontological and epistemological positions” (Twining et al., 2017, p. A6).
The following principles have been considered to address the trustworthiness of this
qualitative research: validity and credibility, transferability, dependability, and confirmability
(Lincoln, 2001), which are considered more suitable for making judgements about rigour in
qualitative research.
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To account for validity, reference will first be made to descriptive validity, about the notion
of truth in research – what actually happened. It can be addressed in terms of the "factual
accuracy of the account" (Winter, 2000, p.4) and completeness, including the natural setting
of the source of data and how the data was collected. Thus, a detailed description of the
natural setting in each context, the participants' recruitment process and the data collection
methods (section 5.5 and 5.4) are provided.
Then there is the notion of interpretative validity, which refers to the ability of the research
to catch the meaning, interpretation, and intentions of the participants (Cohen et al., 2007).
Threats to this principle are found in the role and influence of the researcher, generally known
as the researcher bias (Maxwell, 2012), which can affect the quality of the study during not
only the design process but also the analysis stage (Darder et al., 2008). For instance, the
researcher's composition and evaluation of the SEeDS activity are based on her expertise as
a teacher from a different cultural context, which might influence the analysis and
interpretation of the findings. To minimise the possibility of the researcher bias, specific
strategies were followed: methodological triangulation, participant checking, thick
description, audit trail and peer debriefing – these are outlined in the following paragraphs.

In terms of the credibility of this research – making sure that it ‘measured’ what it claimed to
do (Creswell, 1998), there was a triangulation of sources, methods and theories (Vrasidas,
2014). The credibility of a qualitative study is affected by “the extent to which systematic data
collection procedures, multiple data sources, triangulation, thick and rich description,
external reviews or member checking, external audits, and other techniques for producing
trustworthy data are used” (Yilmaz, 2013, p. 321).
First, there was data triangulation by gathering data from different participants at different
times. Two learning activities were used, which included the same story scenes but differed
in presentation and implementation. Triangulation of data from the two activities gave a
more precise picture than simply reviewing data from one approach. Second, method
triangulation by using different data collection methods. Data was cross-checked across the
digital stories, audio recordings, group interviews and observation notes, providing thus more
insights on the phenomenon under investigation. Third, theoretical triangulation by analysing
and explaining data based on the pedagogical framework of problem-based learning and the
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typology of talk in science learning. Drawing on elements from those frameworks helped to
define the process of meaning making in this research. Fourth, analytic triangulation or peer
debriefing by discussing methodology, analyses and emerging findings with the supervisory
team. That allowed to check the plausibility of and for blind spots in the analysis.
Lastly, participant checking was used as an instrument of validation by asking some
participants to elaborate on and clarify what they have said in interviews or done in observed
sessions. Also, when designing the digital story, Annie, the Grade 5 teacher, was asked to offer
her insight. She also commented on the researcher’s interpretations of interviews and
observations. The construct of credibility corresponds to that of internal validity in positivist
research (Συμεού, 2006).

In accounting for transferability – how findings could be transferred from one research
context to another (Lincoln and Guba, 1985), a detailed description of the studies in Greece
and the UK was provided. That included detailed information on contextual research setting,
design, processes and participants, to help the reader identify if any elements of this research
can be applied in other contexts. According to Lincoln and Guba (1985), it is the reader’s and
not the researcher’s responsibility to identify if this research is transferable. The construct of
transferability addresses that of external validity in positivist research (Συμεού, 2006).

Finally, dependability and confirmability refer to “the consistency of the data collection
instruments and procedures and the detailed description of the research process” (Riazi,
2016, p. 87). These were established through an ‘audit trail’ that described the purpose of the
research and the theoretical framework used. It also provided a detailed and thorough
account of the selection and recruitment of the participants, a rich description of the research
design decisions by clearly describing and explaining the data collection methods (Chapter 4)
and the analysis techniques (Chapter 5) and reporting the research findings (Chapters 6).
Eventually, attention was given to the researcher bias (Maxwell, 2012), which refers to the
role and influence of the researcher as potentially affecting the quality of the research (Denzin
and Lincoln, 2008). For instance, the researcher’s main ideas and preconceptions in
supporting science teaching and learning were derived from personal teaching experiences.
That could have influenced the research process and the interpretation of findings (section
8.4). To minimise the researcher bias, both the Greek and English science teachers were asked
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to be present during the studies to address students’ content-related inquiries. The
researcher acted as an observer and facilitator of the process, dealing with any technical
issues. Moreover, the supervisory team acted as external auditors, seeking out and correcting
the researcher’s prejudices (Decrop, 2004). They also reviewed part of the data and analytical
procedures, confirming thus adherence to sound research practices (Riley, 1996).
Providing a detailed account for all research decisions and procedures would allow readers to
trace the course of the research (Patton, 1990), redraw how the author came to the
conclusions reached (Decrop, 2004) and discern any methodological and interpretive
judgements (Houghton et al., 2013).

5.9 Chapter Summary
This chapter explored the most suitable methodology to address the purpose of this research,
including aspects of the research design approach and the data collection methods. It
provided a detailed account in which a step-by-step process was presented and discussed to
guide the reader through data collection in the Greek and English schools. In addition, the
methods used for the data collection were presented with illustrative examples to
demonstrate how each method contributed to the research. Such a detailed account sought
to provide clear documentation of all research decisions and approaches, adding to the rigour
of this research as a qualitative design. Findings from the Greek and English studies were then
coded and analysed using deductive and inductive thematic analysis. Chapter 6 offers a
thorough insight into students’ implementation of and engagement in the SEeDS and
Narration activity.
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CHAPTER 6: PRESENTATION OF FINDINGS
6.1 Introduction
The previous chapter, Chapter 5, has discussed the research methodology considered the
most appropriate to address the purpose of this research. Considering that the purpose of
this research was to evaluate the use of digital storytelling in helping students to make
meaning in science, data analysis highlighted the role of problem-based learning. A thorough
look into the data revealed that the two digital storytelling activities helped students to
externalise their thinking about and understanding of the tricky topic of matter. Data analysis
also showed that students’ naturally occurring talk while working collaboratively through the
two activities included more elements of exploratory than cumulative or disputational talk.
Finally, students’ views regarding the two activities were acknowledged in terms of
engagement and challenge.

The presentation of findings in this chapter unfolds through the three themes that emerged
from the thematic analysis. This chapter initially presents the findings related to how the two
activities might have supported students' access to, reflection on and application of prior
knowledge (Theme 1). Then it continues with further evidence regarding the types of
instinctive talk students used while carrying out collaborative work (Theme 2). Finally, it
considers students' views (Theme 3) regarding the two activities in terms of challenge and
engagement in the learning process.
The three themes draw on and correspond to the three research questions. The first theme
aims to answer the first research question (RQ1) "Whether, and, if so, how do the SEeDS and
Narration activities support learners in each of the two contexts to access, reflect upon, and
apply prior science learning?". The second theme addresses the second research
question, (RQ2) "Whether, and, if so, how do the SEeDS and Narration activities facilitate the
types of peer talk that research suggests can support science learning in each of the two
contexts?" The final theme responds to the third research question (RQ3) "Whether, and, if
so, how do the SEeDS and Narration activities engage and challenge learners in the two
contexts?".
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In sum, the three themes are presented in the following order:
1) Access to, reflection on and application of prior knowledge (Theme 1)
•

The SEeDS activity in the Greek context

•

The SEeDS activity in the English context

•

The Narration activity in the Greek context

•

The Narration activity in the English context

2) Students' use of talk whilst carrying out collaborative work in science (Theme 2)
•

SEeDS students’ talk in the Greek context

•

SEeDS students’ talk in the English context

•

Narration students’ talk in the Greek context

•

Narration students’ talk in the English context

3) Challenge and engagement through the two activities (Theme 3)
•

The Greek students’ views about the two activities

•

The English students’ views about the two activities

In the presentation following, the themes refer to specific datasets about students,
highlighting the code excerpts and story pieces used within the chapter. Examples from the
three themes are chosen first to represent a typical (repeatedly occurring) exemplar of an
event or practice and then a non-typical case (less repeatedly occurring), worthy of further
discussion. Non-typical cases, in which participants viewpoints or final products differ from
the main body of evidence, help to ensure validity in qualitative research like this one. Despite
completing a systematic process of data reduction (Miles and Huberman, 1994), and due to
space constraints, not all the coded excerpts are presented.

Finally, given the interpretive philosophy underpinning this research, it should be stressed
that the notion of social reality is not a tangible device. Therefore, due respect is paid to the
interpretations of all those involved in this research, including the researcher and the
researched. The influence of multiple and social worlds (Blaikie, 1993) is also acknowledged.
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6.2 Access to, reflection on and application of prior knowledge (RQ1)
In answering the first research question (RQ1): “Whether, and, if so, how do the SEeDS and
Narration activities support learners in each of the two contexts to access, reflect upon on,
and apply prior science learning?” the two activities, SEeDS and Narration, were reviewed to
identify how they supported students in accessing, reflecting on, and applying prior
knowledge about matter, if they indeed did. The comments that Greek and English students
made in their story plots through the two activities reveal their prior knowledge (or lack) of
the relevant concepts found in the topic of matter.

The two activities were different in structure, with SEeDS presenting story scenes in an order
that was not predefined and Narration in a predefined order (see section 4.3). Thus, it was
important to explore how they might have helped students externalise prior knowledge.
Seeking to provide answers to the first research question, evidence was drawn from the
resultant digital stories (plots) and the recorded team interactions of students through the
two activities across the two contexts (section 5.8.2).

The next four sections (the two activities in the two different contexts) highlight how the
different data sources supported the analysis of each section, and the fifth one provides a
summary. More specifically, Section 6.2.1 presents findings from the SEeDS activity in Greece
and Section 6.2.2 from SEeDS in England. The subsequent two sections, 6.2.3 and 6.2.4, focus
on the Narration activity in Greece and England, respectively.

6.2.1 The SEeDS activity in the Greek context
The analysis of all teams’ resultant digital stories revealed that Greek students produced short
commentaries that included scientific explanations about relevant concepts (see Figure 16).
A typical example of story plot was that of Team C, presented next.
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Figure 16: Story script of Team C, Greek students, (Grade 5, SEeDS activity)

As shown in Figure 16, Team C students ordered the story scenes first, starting with the main
story characters that represented the three states of matter. In Scene 1, students first made
a side-story comment, naming the story characters. Then they described solids, commenting
that Bob, the solid [character], “can create solid things from ice”. In including this information,
students may have been acknowledging the hardness of ice as a solid feature, underscored
by their decision to place next Scene 2, categorising as solids the rubber duck, the toaster, the
bat, and the pencil. Students appeared to not differentiate between hard rigid solids (pencil,
bat, toaster) and soft elastic solids (rubber duck). Thus, they mentioned plasticine as neither
a hard nor soft piece of solid substance. They decided not to specifically reference the
plasticine, which might indicate that they could not decide if it was a hard or soft solid
substance. It might also be that students considered plasticine as an intermediate between a
solid and a liquid, so they did not categorise it as purely solid or were uncertain about what
the item really was. Students described the solid particles’ movement in the same scene,
stating that “particles in solids vibrate on the spot” and their arrangement – “and they are
packed closely together”. From these comments, it seemed that Team C students drew on
185

existing knowledge, implying that hardness is a property of solids, and explained how their
particles move in scientific terms.

In Scene 3, students described liquids, mentioning their physical properties, such as
that “liquids tend to flow”. Next to scene 3, they placed scene 4, in which they referred to
liquid particles’ arrangement, commenting that “in liquids, particles stay close together”. In
terms of using prior knowledge, students attributed the property of flowing to liquids and
explained the liquid particles’ arrangement. But whilst they stated the movement of the
liquid, they did not mention the movement of its particles, so it could not be assumed that
they understood the particles’ movement.

Then Team C students ordered Scene 5, possibly introducing gases because they commented
that “substances can change conditions”. Then in Scene 6, they described the gas particles’
arrangement – “particles in gases are far away from each other” and movement – “and they
move quickly”. Placing together Scenes 5 and 6 would imply that students acknowledged the
existence of gases. Yet, they were uncertain about the content of Scene 5, or they did know
how to conceptualise gases. In Scene 6, students revealed their prior knowledge about the
gas particles’ movement, providing scientific explanations about the movement and the
arrangement.

Next students ordered Scene 11, which they seemed to relate to gases, and so they
commented that “due to heat, water evaporates”. Students seemed to have sufficient
knowledge of the concept of evaporation, even though they did not provide rich scientific
explanations about its process. They may have also been implying the existence of gases
because when a liquid (water) receives heat, it will turn into a gas. That could explain why
they placed next Scene 7, in which they commented that “gases take the shape of the
container they are in”. In doing so, students referred to the property of gases to take the
shape of or occupy all the containers they are put in.

In Scene 13, students continued to describe particles’ movement at a high temperature,
stating that “when the temperature increases, particles in substances start to move
faster”. There was no reference to particles’ movement when the temperature decreased nor
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to the use of the thermometer. It could be that students had incomplete prior knowledge
about the concept of temperature and no knowledge about the use of the thermometer.

In Scene 8, students described how the story characters got into two different rooms – “when
solid enters the hot room … When liquid enters the cold room”. Students did not refer
specifically to the objects in the characters’ hands – the solid character held an ice cream in
one hand and a glass with ice cubes in the other, while the liquid character held a glass of
water. It could be that students attributed the properties of solids and liquids to the two
characters, so they did not feel the need to mention the objects in hand. Students might be
putting human qualities on the substances (anthropomorphism) in connecting liquid to the
story character, which will be discussed extensively in section 7.2.2.
Later, in Scene 9, students commented that one character “gets hot” and the
other “freezes” after entering the hot and cold rooms, respectively. Making the decision to
order Scene 8 and Scene 9 together allowed students to describe the melting and freezing
processes briefly.
Then followed Scene 10, in which students labelled the two processes, stating that “solid
melts, which suggests melting is happening. Liquid freezes, which suggests freezing is
happening”. Students’ explanations about how solids and liquids changed conditions after
melting and freezing might seem incomplete in Scene 10, however, this understanding was
presented in the following scene.

In Scene 14, students became more explanatory about melting, explaining that “when the sun
comes out, ice melts and becomes liquid”. They made specific reference to how a solid body
turns into a liquid one with the help of the sun. In Scene 15, students described the process
of evaporation, stating that “water evaporates with the help of the sun”. Students’ decision
not to mention that water changes into a gas during evaporation might indicate that they
were unsure about the actual process or would explain it in another scene (as they did later
in Scene 12). In both scenes, students emphasised the sun as the main source of heat, which
helps substances in a natural setting to change conditions. Students’ prior knowledge of the
sun as the main heat source seemed prevalent in those scenes.
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Finally, Team C students ended their story with Scene 12, in which they explained the process
of evaporation – “when water is heated, it changes into a gas. This is called evaporation”.
Students acknowledged that adding heat to the liquid substance helped it to change its
condition. It is worth mentioning that originally Scene 12 was about condensation, for which
students made no comments throughout the story, as opposed to evaporation, which was
repeated in Scenes 11, 15 and 12. It might be that students had strong prior knowledge of
evaporation but not of condensation, and this would explain why they did not recognise the
process of condensation in Scene 12.

Analysing all teams’ recorded interactions enriched evidence about the Greek students using
short and simplistic descriptions to explain their thinking. The interaction of Team C would be
a typical exemplar, confirming how they made the plot commentaries described previously.
In the following transcript excerpts, students are referred to by number, for example, S1
refers to Student 1.

In Team’s C story (see Figure 16), students’ commentaries appeared to be concise statements,
which, whilst accurate, lacked detailed explanations. This approach was also identified during
their recorded interaction (see Appendix 18 for the complete transcript of Team’s C recorded
interaction):
S2: This not a solid, because it wouldn’t slip, it couldn’t come out… It wasn’t a liquid...
S3: This is a solid.
S1: This is not a solid.
S3: Here we put this, this and this.
Transcript 1/Seq1, Team C, Greek students, SEeDS

As Transcript 1/Seq1 shows, while Team C students were trying to decide the order of the
scenes, they thought to put together the scenes that included solids initially. They identified
some of the properties of a solid, like that it does not slip, it cannot come out, concluding
that it is not a liquid. That would relate to the ordering of Scenes 1 and 2, their resultant digital
story (Figure 16), in which they commented about solids.
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S2: This shouldn’t be a solid, given that it melts.
S1: This is a change of condition, but what change?
S3: Did it freeze?
S1: How do we call this change?
S2: Freezing.
S1: Cool, so we are looking in here to find more about freezing.

Transcript 1/Seq2, Team C, Greek students, SEeDS

In Transcript 1/Seq2, students continued arguing about what constitutes a solid, with S2
clarifying that something is not solid because it melts. No one seemed to share a different
opinion about that, and the discussion continued. S1 added that they might be talking about
changes in conditions instead, but she did not use a precise label for that change. S3 and S2
pointed out that they talked about freezing without details about what substances change
conditions. The focus of the discussion shifted to finding more scenes that depicted freezing,
as S1 suggested.

Whilst trying to put scenes together, two students in Team C recalled the process of melting,
during which a solid, like ice, turns into a liquid, like water:
S3: What is showing here? The ice? It melts and turns into water. What’s this change called?
S1: Melting
Transcript 1/Seq3, Team C, Greek students, SEeDS

In Transcript 1/Seq3, whilst S3 did not use the label ‘melting’ to describe the relevant process,
he produced the appropriate scientific explanation to express his understanding.
On other occasions, like in Transcript 1/Seq4, students used their prior knowledge to explain
melting briefly. For example, S2 explained that ice melted because it was solid without
clarifying adding heat.
S2: We should put this here because it’s ice, meaning that it does melting, it’s a solid.
S3: Yes.
Transcript 1/Seq4, Team C, Greek students, SEeDS
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During their interaction, Team C students went back and forth in their discussion about
different concepts, depending on the scenes they were viewing at the time. For example,
in Transcript 1/Seq5, students discussed liquids and then found a scene depicting a change
[of conditions] in liquids. At the same time, they also considered gases as being relevant to
the change of conditions in liquids, so they concluded about the process of evaporation, but
without clearly explaining the link between those scenes:

Transcript 1/Seq5, Team C, Greek students, SEeDS

Even when S3 sought to confirm that they made the right choice putting together liquids and
evaporation, the response he got was affirmative but without any underpinning scientific
explanation, as Transcript 1/Seq6 reveals:
S3: Now does this make sense the way we put it?
S2: Here it shows the liquid, and then what does it show?
S1: Evaporation
Transcript 1/Seq6, Team C, Greek students, SEeDS

Team C seemed to acknowledge that evaporation involves both liquids and gases, although
they could not provide sufficient scientific explanations for it. That could be due to incomplete
or mistaken prior knowledge, considering that students also confused evaporation with
condensation, as Transcript 1/Seq7 shows:

S3: What’s happening here?
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S1: It’s Bo, who does evaporation.
S3: What do you mean?
S1: That the mirror got wet from the hot water
Transcript 1/Seq7, Team C, Greek students, SEeDS

The discussion in Transcript 1/Seq7 referred to Scene 12 (Figure 16), with S1 proposing that
it depicted evaporation because the [bathroom] mirror got misty from the hot water.
In Transcript 1/Sep8, S2 asked her teammates for further clarifications about the misty mirror,
but the answers she received were unclear:
S2: What do you mean it got wet?
S1: No, because of the weather, because of the weather…
S3: Because of the temperature!
Transcript 1/Seq8, Team C, Greek students, SEeDS

S2 insisted on seeking explanations about Scene 12, but she got a variety of short answers,
which made her feel more confused at the end, as Transcript 1/Seq9 reveals:
S2: So, what happened to the mirror?
S1: Humidity?
S3: Yes, it has humidity, it got foggy.
S1: From the cold air.
S3: From the heat.
S2: You guys I don’t understand what you are saying. Make a sentence!
Transcript 1/Seq9, Team C, Greek students, SEeDS

Team C students did not seem to have a solid prior understanding of the process of
condensation because they could neither label nor produce satisfactory explanations to
explain it. Team C students recognised that the hot water created steam but could not justify
it in more depth either because they lacked basic underpinning knowledge or had incomplete
or mistaken knowledge. That gap in students’ existing knowledge will be further discussed in
later section 7.2.3.
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Overall, the SEeDS activity revealed the gaps in Team C students’ prior understanding of the
categorisation between hard rigid solids and soft elastic solids; particles’ movement in liquids
and when the temperature decreases; the use of a thermometer and condensation.

6.2.2. The SEeDS activity in the English context
Unlike the Greek teams’ (section 6.2.1) short commentaries, the English teams’
commentaries appeared to be richer, combining scientific explanations with side-story
commentaries. A typical example of a story plot was that of Team F.

192

Figure 17: The completed story of Team F, English students, (Year 6, SEeDS activity)

Team F students began their story with Scene 10, in which they attempted to explain
condensation but described evaporation instead – “when warmth is applied to a liquid,
condensation happens, which evaporates and turns into gas”. Students’ prior knowledge
about adding heat to a liquid body to turn into a gas seemed adequate. Still, the
label condensation might have confused because students either used it superficially, without
the necessary underpinning knowledge or understood it wrong.

Next, students placed Scene 1, in which they first referenced solid substances, stating
that “When Marginen sculpts solid ice…”. Students mentioned solid ice either because they
could not recognise ice as a solid substance or wanted to emphasise that ice is a solid. They
then linked it to the process of liquefaction, commenting that “…. she only just realised that
soon enough it will liquefy”. Although students did not clearly describe nor label melting in
Scene 1, their comments were pointed in that direction.

After introducing solids in Scene 1, students continued with liquids in the next scene. In Scene
3, Team F students recognised honey as a composition of both a liquid and solid because it
did not pour easily – “When Bob tries to tip some honey into his mouth, nothing came out. He
tipped it a bit then, and all the honey spills out and gets him all messy. After that, he pulls out
some water and splashes it on his face. You can see that honey is still a liquid but has a
consistency of a solid”. Students seemed to acknowledge pouring/flowing as a property of
liquids, even though they did not mention it, and recognised honey as mixed consistency.

When finished with liquids, students proceeded to gases in Scene 5, relating them to
condensation first – “When Jeff puts the kettle on near the end of this, condensation comes
out and makes a cloud of fog”. Students did not provide a clear explanation about the process
of condensation, but they pointed out the fog as a characteristic of gases. They then
acknowledged the existence of gases in fizzy drinks, commenting that “after that, he drinks a
fizzy drink. All this gas builds up …” while making a side-story comment “… and it comes up
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making a burp”. Adding funny elements in their commentaries allowed students to
personalise their stories.

Next to Scene 5, they placed Scene 6, in which they described the movement of gas particles
– “when you apply water to a balloon it gets heavier, and all of the gas bubbles are crammed
together and haven’t got much room. But compared to air, it is lighter, and the particles have
more room to move”. Students acknowledged that the liquid particles are close to and move
around each other instead of the gas particles, which are far apart and move in all directions,
yet they labelled both the liquid and gas particles as gas bubbles. That might be due to the
animations and/or students’ insufficient or misunderstood knowledge about particles in all
three states of matter. The role of animations in hindering or facilitating the conceptualisation
of scientific concepts will be discussed in section 7.2.2.

Team F then continued discussing the gas particles’ movement in Scene 7 – “when you have
a smoke, it fits into small places but hasn’t got too much room to move compared to if it has
a bigger place there is more room for the particles to move”. Students seemed to have a (mis)
understanding (or lack thereof) of particles’ movement in gases, which could be affected by
the animation in Scene 7 that showed gases flowing into different shapes and sizes of
containers.

Having finished with the particles’ movement, Team F students commented about melting
and freezing in Scene 9. They considered heat and cold as separate entities stating that “when
you apply heat to something frozen, it will melt, but if you apply something cold to a liquid, it
will freeze”. Students appeared to consider heat and coldness as two distinct entities that
could transfer from one body to another by direct contact.

In the next two Scenes, 11 and 12, students seemed to confuse evaporation with
condensation because they commented that “when you turn the heat up … condensation
starts”. Students considered that the two scenes depicted the process of condensation,
probably because there was steam in both of them. Considering that students had previously
used the label condensation to describe evaporation in Scene 10, it could be argued that their
prior understanding of the two concepts was either mistaken or misinterpreted.
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In Scene 12, Team F viewed condensation as an entity, “which is a fog”, responsible for
creating water droplets from the fog – “the condensation melts water which will start to drip
from the fog”. Students seemed to have a vague understanding of condensation, and the
animation in Scene 12 seemingly did not help them to clarify things further.

In Scene 13, students made a general comment about using a thermometer, stating that “if
something is cold, the temperature goes down, but when it’s not [cold], the temperature goes
up”. Students did not comment on particles’ movement when the temperature changed,
possibly because they did not acknowledge it or did not know what to comment on. That
could imply students’ misunderstanding of rising temperatures, which might be connected to
not being cold.

In Scene 14, Team F students attempted to describe freezing – “when ice settles on a
mountain, it becomes a solid…”. They did not seem to recognise ice as a solidified liquid,
mentioning that it became a solid when it settled on a mountain. Next, when they described
melting, their comment was precise about which substances changed conditions with the
help of the sun – “but when the sun comes out it melts the ice and turns into water.”

In Scene 15, they described how evaporation happened on grass, commenting that “… the
sun picks up any water. That’s called evaporation….” They mentioned what would happen to
water in the desert, in their next comment, without commenting how substances would
change conditions – “… but on a desert, there is no water. But if there was water on a desert,
the sun would dry it out as it is so hot”. Team F students’ decision not to mention that a liquid
(water) turned into a gas during evaporation might be because they lacked the appropriate
scientific vocabulary or had an incomplete or mistaken understanding of the process of
evaporation. That could also explain their previous confusion in labelling evaporation and
condensation in Scenes 10 and 11, respectively.
Next, in Scene 2, students described “solids are hard objects”, composed of gas particles
– “where all the gas particles are all crammed together and have no space to
move”. Seemingly, students recognised that particles in solids are packed very close together
and vibrate on the spot, but they kept labelling them gas particles. Considering that in Scene
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6, they also commented that there were gas particles in water, it could be argued that Team
F students considered that all three states of matter consisted of gas particles. That might be
an indication of an insufficient or mistaken knowledge.

In Scene 4, students referred to flexibility as a property of liquids, commenting that liquid
substances take the shape of the container they are in – “liquid can fit into any space as it is
flexible. Even the tightest holes it can fit through”. Arguably, Team F students decided to focus
on liquids as space-filling substances, without any reference to the property of
running/pouring, which was also depicted in that scene.

Finally, in Scene 8, Team F students made a general statement about freezing, without
mentioning which substances changed conditions – “If you go in a freezer you can freeze as
everyone has water in their body and in the cold freezer it will freeze everybody”. Students
focused on how human bodies would freeze in the cold instead of how liquid substances
would change into solids in a cold environment. Students acknowledged that the human body
consisted of water in its greatest part, and they seemed to link it with the animation in Scene
8, which showed one of the story characters becoming frozen in the cold room. That freezing
connection to the story character could relate to anthropomorphism, as it occurred from the
animations (see section 6.2.1).
The ideas that Team F students exchanged during their recorded interactions provide
enriching evidence about how they made the commentary for a scene, as the extract
from Transcript 2 below shows:
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Transcript 2, Team F, English students, SEeDS

Seeking to order the story scenes, S3 proposed to first start with the solids, put together all
the relevant scenes, then continue with the liquids and their related scenes, then with the
gases, and so on. In doing so, S4 looked for the scene with the ice, which he seemed to
categorise as a solid substance. Then S3 mentioned the scene in which the story characters
“get hot and cold”, with S1 adding that when the one character “goes in, it shows what they
are doing in here”. Neither S3 nor S1 explained what happened when the two characters got
into the hot and cold rooms. S3 later pointed out that when the character “was in the cold
room … it would turn into ice”, without clarifying the original condition of the character liquid.
S1 agreed with S3 and tried to explain further that the reason “they freeze in there is because
everyone has water in their bodies”. As it appeared, S3’s statement about the water found in
human bodies was robust enough so that Team F reached a common agreement. Lastly, S4
extended the previous statement agreeing that “we humans have water in our bodies”, with
S2 consenting.
The evidence found in Transcript 2 could again indicate anthropomorphism or perhaps a poor
phrasing or even misunderstanding by the Team F students, which will be discussed in more
detail in section 7.2.2.

Generally, the SEeDS activity revealed the gaps and misunderstandings of Team F students’
prior knowledge of: condensation (often confused with evaporation), particles’ movement in
gases and at temperature changes (increase or decrease), the distinction between heat and
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coldness as two entities, the existence of gas bubbles in all three states of matter and the
property of pouring in liquids.

6.2.3 The Narration activity in the Greek Context
Much of the Narration teams’ commentaries were rich in description, built on a combination
of scientific explanations and side-story comments, like those made by the English students
from the SEeDS activity (section 6.2.2). A typical example drawn from the data of the Greek
Team J is presented.

Figure 18: The completed story of Team J, Greek students, (Grade 6, Narration activity)
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Initially, in Scene 1, Team J students began with a side-story comment to introduce the
character representing solids – “Hi, there, I am Mauvey…”. Then they continued with a
scientific explanation about how certain substances could change conditions – “…if not stored
at 0oC, [ice] will change from solid to liquid, and then it will evaporate and turn into gas”. It
could be that the presence of the three characters in Scene 1 made students think that the
scene was about the changes of conditions in all three states of matter or about substances,
like ice, which underwent a complete change of conditions (solid-liquid – gas) in a natural
setting. The way that students phrased that comment sounded like they were repeating
something from the science textbook, making sure they covered all the necessary details –
temperature, change of conditions in all three states.

In Scene 2, students mentioned that all the depicted items – rubber duck, stick, pencil,
toaster, and plasticine were solid substances. Team J students did not categorise between
hard rigid solids and soft elastic solids because either they did not have prior knowledge of
that categorisation or did not consider it necessary to make such a categorisation.

After solids, in Scene 3, students described pouring as a property of liquids, whilst they
recognised that honey is thicker than average liquids – “honey is pretty thick and …. It got
poured all over me”. Students sought to clarify that despite its thickness, honey could be
poured. Then they made a clearer distinction between honey and liquids, commenting that “I
used water, which is liquid, to clean my face, but then it evaporated”. An assumption would
be that Team J students linked evaporation with the liquid substances, in which honey was
not included. Team J students seemed to recognise that honey is more solid than liquid in
terms of composition, but they did not directly reference it.

In Scene 4, students commented on particles’ movement in liquids, using water as the main
example of a liquid substance – “in some liquids, like water, particles constantly change
positions”. Students seemed to recognise that particles in liquids move around each other but
distinguished between some liquids, like water, possibly implying that particles might not
behave the same in other liquids. It could be assumed that students’ prior understanding of
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the classification of liquids was inaccurate or that the animations in Scene 4 confused
students.

In Scene 5, students acknowledged that heat is needed to change a liquid body’s condition
– “heat makes liquid bodies to evaporate” without specifying if the heat should be added or
removed.

In Scene 6, they did not comment, either because they did not understand the scene’s content
or because they did not have sufficient knowledge about the properties of gases.

In Scene 7, which referred to particles’ movement in gases, Team J students explained that
“… particles in smoke constantly move and change position”. Students’ understanding of
particles’ movement in gaseous substances seemed unclear, especially when gases were put
in various sizes and/or shapes containers. Their comment about how gas particles “initally,
they keep a distance between them but when they are about to get into a small container,
they come closer to each other” could imply either insufficient understanding or
misunderstanding of particles’ movement in gases. This approach was also identified during
their recorded interaction, as shows the relevant extract from Transcript 3/Seq1:

Transcript 3/Seq1: Team J, Greek students, Narration activity
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When S1 asked about the content of Scene 7, S2 first made a side-story comment based on
what the animation showed – a guy lighting up a fire in the night. Then S3 pointed out that
there was also something else in the scene, and S2 stated that the particles got into some
jars. S1 clarified that those were smoke particles, and S3 summarised the content of the scene
- “…so this guy lit up a fire, and the smoke particles got into a big jar and then into a small
one”. At this point, S1 explained that the (smoke) particles had a distance in the big jar as
opposed to the small jar, in which they came closer to each other. None of the team members
seemed to question S1’s statement, and they agreed to move on to another scene.

In Scene 8, students described how different substances could change conditions during
melting – “solid changes into a liquid in heat” and freezing – “a liquid can change into a solid
in OoC”. In this scene, Team J distinguished heat and coldness (OoC), which was also evident
in the next scene’s commentary.

In Scene 9, students exemplified how solid substances would turn into liquids when they
received heat – “when solids, like ice cream or ice cubes, are heated they melt and change
into liquids”. This statement acknowledged that solid substances needed to receive heat to
change conditions. Then, they explained how liquids changed into solids after they were put
in a cold place – “On the contrary, when a liquid is in a cold place, then it changes into a solid,
like this glass of water”. Students considered heat and cold two different entities because
they did not refer to removing heat from liquids to help them change into solids.

Then, in Scene 10, students elaborated more on how substances would change conditions at
different temperatures – “Coming out of the temperature rooms … the glass with the ice cubes
changed into a liquid body, water, because of the high temperature“. Students emphasised
the need for solids to be at a high temperature to turn into liquids and for liquids to be at a
low temperature to change into solids – “Coming out of the cold room, the glass with water
had turned into a solid”. With this statement, Team J again made the distinction between
heat and coldness clearer.

In Scene 11, Team J commented that liquids turned into gases during evaporation –“when the
temperature is high, water evaporates, and vapours make the atmosphere misty”.
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In Scene 12, students made an unclear comment about evaporation and condensation –
“when hot water evaporates, windows become misty, and then it changes back to
liquid”. There seemed to be confusion between evaporation and condensation, as with the
English students in the SEeDS activity (section 6.2.2). The animations in Scene 12 may have
helped students to recognise the process of condensation. Still, students’ insufficient
underpinning knowledge or incomplete understanding of condensation did not allow them to
explain it properly.

In Scene 13, students described the liquid particles’ movement when the temperature
changed – “when the temperature is high, particles in water move faster … whereas in low
temperature particles move slower”. It was the first time that Team J students referred to
particles’ movement throughout the story – despite Scenes 2,4, and 6 also showing particles’
movement in the three states of matter – perhaps guided by the animations, which depicted
two thermometers with high and low temperatures, respectively.

In Scene 14, Team J students described the process of melting in a natural setting,
commenting that “snow starts to melt because of the sun’s heat and changes into liquid.
Melting happens”. Students emphasised how the sun’s heat would help a solidified
substance, like snow, change into a liquid without offering a detailed explanation. This
approach was also evident in their recorded interaction, shown in the extract from Transcript
3/Seq2:

Transcript 3/Seq2: Team J, Greek students, Narration activity
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When S1 pointed out that Scene 14 depicted snow in the mountains, S2 offered a more
detailed description of how the sun comes out and water is created. S1 sought further
explanations about the creation of water, with S2 clarifying that the snow dried out. S1
disagreed with S2’s statement, so S2 clarified that the snow melts. S3 agreed with that and
asked the reason that snow melts. S2 then explained that melting happened because of
the sun’s heat, and S3 seemed content with that answer. As the example from Transcript
3/Seq2 revealed, S1’s prior knowledge of melting was limited and S2, who had a better
understanding, offered two different explanations (snow dried out/snow melts) to help S1
overcome that gap. It is uncertain whether S2 confused drying out with melting or thought
they had the same outcome.

Finally, in Scene 15, Team J students commented that “in a lot of heat, water will evaporate
faster”, making a stronger statement about how higher temperatures would help water
evaporate faster.

In total, the Narration activity revealed the gaps in Team J students’ prior understanding of
condensation (often confused with evaporation); particles’ movement in gases, and the
distinction between heat and coldness as two entities.

6.2.4 The Narration activity in the English context
The Narration students’ commentaries were based on scientific explanations with side-story
commentaries, similar to the English students from the SEeDS activity (section 6.2.2) and the
Greek students from the SEeDS activity (section 6.2.1). A typical exemplar from Team B is
presented.
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Figure 19: The completed story of Team B, English students, (Year 6, Narration activity)

Team B students began their story by introducing solids through a side-story
comment: “Curtus was playing football and came across an ice cube, which is a solid
….” Students referred to hardness as a property of solid substances by commenting that “…
[Curtus] carved himself out with a hammer and a screwdriver, using anything weaker it would
be hard to cut out”. Although students did not differentiate between hard rigid and elastic
soft solids, they indirectly referenced hard solids by stating that a weaker tool would not cut
out a solid.

In Scene 2, students continued with solids, describing their particles’ movement – “particles
in a solid don’t move as much as particles in a liquid”. Students’ decision to make a general
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comment about particles’ movement in solids and liquids might be because they were
uncertain about particles’ closeness and/or arrangement.

Having finished with solids, Team B continued with liquids in the next two scenes. Particularly,
in Scene 3, students began with a side-story comment – “Brinch got a cup of orange
juice…”. They did not seem to recognise the thick orangey liquid like honey, commenting that
“the liquid turned into solid, later on, the juice got warmer…” Students acknowledged that a
liquid could turn into a solid and then back again into a liquid if it received heat. Then Team
B made a general reference to the property of liquids as being runny materials, stating that “…
it spilt all over him”.

In Scene 4, students commented on the liquid particles’ movement – “the particles in a liquid
move more than particles in a solid”. Students’ comment in Scene 4 is a rephrased statement
of their comment in Scene 2. That could mean that students’ knowledge about the particles’
movement in solids and liquids was incomplete.

In Scene 5, students referred to boiling– “Flash boils some water and drinks it” – and then
melting – “but it is way too hot and spat it out, and it went all over the ice block, and the ice
turns into a liquid”. They explained that when a hot liquid substance, like boiled water, is
spread all over a solid substance, like an ice block, it turns the solid into a liquid.

In Scene 6, students referred to particles’ movement in gases – “When balloons are filled up
with air, the particles move around a lot” – and in liquids – “and when the balloons are filled
up with liquid it becomes heavier, and the particles don’t move as much”. Students made
general comments about particles’ movement in gases and liquids and did not specify the
closeness or arrangement of particles when they move. This approach was also found in Team
B’s recorded interaction, as shown evidence from Transcript4/Seq1:
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S4: So, after the first one it shows particles in solids and how they move…
S3: Cells in solids don’t move
S4: Of course, they do, look!
S3: No, they don’t move
S1: They move slightly
S3: Oh, well. What about this one [scene]?

Transcript 4/Seq1: Team B, English Students, Narration activity

In Transcript 4/Seq1, Team B members initially had a disagreement about particles’
movement in solids, during which S4 pointed out that solid particles move and S3 rejected
that statement. S4 insisted on her statement and prompted S3 to look at the scene. The
content did not convince S3 of the scene, and S1 sought to clarify things stating that solid
particles move slightly. S3 accepted S1’s explanation and suggested continuing with another
scene.

In Scene 7, still, on the concept of gases, Team B students made a side-story comment
inspired by the animations in the scene – “Billy was cold, so he made a fire and smoke went
up causing pollution”. They probably did not feel like repeating similar things because they
commented on the gas particles’ movement in the previous scene.

In the next three scenes, 8, 9 and 10, students commented on the process of melting and
freezing. Starting with Scene 8, they stated that “Flash goes into a hot environment and Brinch
goes into a cold environment”, suggesting that the two rooms had different temperatures. In
Scene 9, they referred to the items that the story characters held -– “Flash starts with a solid
and Brinch started with a liquid”. They described how solids turned into liquids in heat –
“when Flash entered the hot environment, his solid turned into a liquid” – and how liquids
turned into solids in the cold – “When Brinch went into a cold environment, then his liquid
turned into a solid”. Students did not explicitly label the two processes as melting and
freezing, but they provided satisfactory scientific explanations about how solid and liquid
substances would change conditions at given temperatures. It could also be argued that
students considered heat and cold as separate entities if taken into account that they did not
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refer to heat as being added to or removed from a body. In Scene 10, students made a sidestory comment about the outcomes of melting and freezing – “When Flash comes out of the
hot room his liquid spills on the floor, and when Brinch comes out of the cold room the block
of ice falls out of the cup”. That would mean that the character’s solid became a liquid during
melting and the other character’s liquid became a block of ice during freezing. Team B
students seemed to have sufficient prior knowledge about melting and freezing, despite not
having labelled them precisely.

Likewise, in Scene 11, Team B students focused on making a side-story comment about the
story characters – “Brinch is in the shower trying to warm up when Curtus turns the shower
up to go really hot”. This side-story comment about the increase of temperature in a room
was linked to the next scene, in which the mirror misted up after the character Curtus turned
up the temperature in Scene 11.

Thus, in Scene 12, students viewed condensation as an entity, commenting that
“condensation is on the mirror and Curtus rubs it off so now he can see clearer”. They seemed
to recognise mist as a condensation characteristic, yet they could not explain the process
using scientific terminology. That was also evident in the following abstract from Team B’s
recorded interaction:

S1: Have we done condensation?
S2: No, we ‘ve still got condensation
S4: Condensation is about steam, right?
S3: Yeah… So, we did all the changes of the states? Shall we tell this one next?

Transcript 4/Seq2: Team B, English Students, Narration activity

As Transcript 4/Seq2 shows, none of the students in Team B provided sufficient scientific
explanation about condensation other than that it is linked to steam.

In Scene 13, students again made an abstract comment about how “they are both
thermometers, the one on the left is in cold water, and the one on the right is in hot
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water”. Students did not describe the particles’ movement when the temperature was high
or low nor refer to a thermometer.

In Scene 14, Team B referred to melting, commenting how a solidified substance like snow
melts with the help of the sun – “It is cold and snowy and then the sun comes out and melts
all of the snow”. They made an indirect reference to the sun as the main source of heat that
melts the snow.

Finally, in Scene 15, Team B students referred to evaporation, commenting that “there is a
puddle in a hot place and the sun evaporates the puddle and creates rain clouds”.
Students recognised the sun as the main source of heat that helped liquid bodies to
evaporate, an approach evidenced in the next extract from Team B’s recorded interaction:

S3: Yes, it happens here as well! But it’s not the same… the sun picks up any water, its
evaporation here.
S2: Yeah, it’s evaporation here ‘cause you see how it’s transferred, the sun picks it up
S4: So, what’s evaporation about? Water or air?
S2: It’s both
Transcript 4/Seq 3: Team B, English Students, Narration activity

In Transcript4/Seq3, students described evaporation as how the sun picks up any water, and
how [water] is transferred. Still uncertain about the process of evaporation, S4 asked
clarification about which substances were involved in evaporation to receive a response from
S2 that it was both liquids (water) and gases (air). Students’ choice to refer abstractly to the
sun that picks up water might be because Team B students did not have a solid understanding
of evaporation.

Overall, the Narration activity revealed the gaps in Team B students’ prior understanding of
particles’ movement in solids, liquids, and gases and when the temperature changes (increase
or decrease); the distinction between heat and coldness as two entities; condensation; the
use of a thermometer.
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6.2.5 Summary
This section provided evidence about how the SEeDS and the Narration activity might have
supported students across the two contexts to access, reflect on and apply prior science
learning. Drawing on the data sets from students’ resultant digital stories and recorded
interactions, the findings showed that students differentiated between heat and cold,
describing them as two different entities. All students across the four representations of data
sets recognised that in heat, certain solid substances turn into liquids (melting) and that in
cold certain liquid substances change into solids (freezing). Similarly, all students recognised
the sun as the main source of heat.

The Greek and English students did not provide complete scientific explanations about
particles’ movement in all three states of matter. Still, they made general comments about
how the solid particles would move less than the liquid particles and how the gas particles
kept a distance between them and moved around. Finally, the two activities revealed gaps in
the Greek and English students’ prior knowledge regarding the concept of heat, which was
seen as a different entity from coldness, and the concept of condensation. Both the Greek
and English students acknowledged that condensation was linked to steam and vapours, yet
they could not explain how it would happen and which substances changed conditions.

6.3 Students' use of talk whilst carrying out collaborative work in science (RQ2)
The next step of this analysis (section 5.8.2) focused on the types of talk students naturally
used while working collaboratively in each activity. With the aim to provide answers to RQ2:
“Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of peer
talk that research suggests can support science learning in each of the two contexts?” this
section drew on evidence from all the Greek and English students’ recorded interactions,
presenting extracts from both activities across the two contexts. Considering that the
framework for the coding and analysis of students’ talk was developed in an English-speaking
context, data from the Greek students’ talk is compared with that of English students. Doing
so will address a fair comparison and strengthen findings across contexts. Section 6.3.1
presents findings from the SEeDS activity in Greece, section 6.3.2 from SEeDS in England,
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while the following sections, 6.3.3 and 6.3.4, refer to the Narration activity in Greece and
England, respectively.

6.3.1 SEeDS students’ talk in the Greek context
Whilst working collaboratively through the SEeDS activity, Greek students’ talk appeared to
include often characteristics of the talk that Mercer and his colleagues (1999) defined
as exploratory talk, involving constructive dialogue and critical thinking (Mercer and Howe,
2012). Drawing on data from the recorded interactions of all the Greek students helped to
identify the characteristics of exploratory talk. A typical example could be found in the
following extract from Team D:
(Note: In all transcripts, T = teacher; S = student; implied words are in brackets; all student names have been
replaced by Students in Numbers, e.g., S1, S2 etc and Greek teachers’ names have been replaced by English
pseudonyms).

Transcript 5/Seq 1: Team D, Greek Students (Grade 6, SEeDS activity)

As can be identified in Transcript 5/Seq1, Team D’s interaction included elements
of exploratory talk. Students expressed their views clearly and explicitly, listened to each
other’s ideas, and provided explanations when necessary before reaching a joint decision. For
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example, Team D students seemed to initially disagree about the scene’s content if it
showed evaporation, condensation, or liquefaction. “This must be the bathroom [scene], this
is evaporation”, claimed S4, with S1 stating the opposite – “No, that’s condensation”. Then S2
stated that “it’s liquefaction”, with which agreed S3 - “this [scene] is liquefication”. Students
disagreed without evidence until S2 provided a scientific explanation – “it … turns it
[thermometer] down because it’s hotter and then it tells you, you know why steam is created
because the temperature goes up” (S2). S4 then explained further that “… water becomes
gas”. Both students sought to explain that the depicted phenomenon was condensation and
provided justifications about how it was created. After their initial disagreement, participants
seemed to be engaged with one another’s thinking. So there was a flow in their discussion, as
the following example shows:

Transcript 5/Seq 2: Team D, Greek Students (Grade 6, SEeDS activity)

As the discussion continued in Transcript5/Seq2, S2 asked for clarifications about a scene, and
S1 thought it was raining. S4 tried to explain that it was not rain but "steam that created the
droplets" (S2), yet S1 seemed confused or surprised – "ohhh… I see … I thought it was
dripping" (S1). S2's answer did not convince S1 as she was also confused about the
appearance of the glass in the bathroom – "…oh, they [characters] have put a glass … a
protective glass" (S1). No student commented on S1's statement, and they continued with a
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side-story comment about the story character who dropped his pants, for which they quickly
reached a joint decision.

Transcript 5/Seq 3: Team D, Greek Students (Grade 6, SEeDS activity)

When they finished their discussion around evaporation (Transcript 5/Seq1 and Transcript
5/Seq2), Team D students continued with the scene of the thermometers. As Transcript
5/Seq3 reveals, S1 first sought to clarify where the scene with the thermometer would
go. Trying to relate their ideas to the scenes’ content, S2 proposed putting it together with
the heat scene, whilst S4 suggested ordering it with other liquids because it was a liquid. S3
disagreed and clarified that it included liquid instead, just like the heat. S1 seemed uncertain
about the ideas shared by his team members and asked for further clarifications – “is this
temperature or heat?”. Then S3 provided a partial explanation, possibly guided by the
animations in the scene – that “it is the heat, in fact. Here is the cold one, at 20 degrees
Celsius”, making a clear distinction between heat and coldness. There was a flow in Team’s D
interaction in Transcript 5/Seq3, in which students built on each other’s ideas.

Whilst much of Team D’s interaction included elements of exploratory talk, with clarifications
sought and justifications provided, there were also moments of disagreement without
satisfactory explanations, which indicate elements of disputational talk (Mercer et al., 1999).
The episode in Transcript 6 shows a less typical event, worth of discussion:
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Transcript 6: Team D, Greek Students (Grade 6, SEeDS activity)

As seen in Transcript 6, there was little evidence of joint engagement with each other. Much
of Team D’s interaction consisted of disagreement, commands and assertions and
unproductive quality. S4 initially asserted that they had found the necessary scene, with S3
disagreeing without explanations. At that point, S1 also disagreed but offered an alternative
explanation – “No, this [scene] doesn’t come here guys, ’cause I think it’s the last one” – still
without justifying it. S4 insisted on his opinion, and then S2 expressed her disagreement –
“no, I don’t think we need that one”. While ideas flaunted, S3 commanded his teammate
to put the scene there because it showed melting. S4 declined the command and proposed to
S3 to do it himself, only to get S3’s defensive answer, “’cause you said you’d do it”.

In this shared example of Transcript 6, Team D’s talk involved examples of the type of talk
that

Mercer

and

his

colleagues

(1999)

defined

as disputational, which

prevailed individualised assertions that were not supported by reasoned arguments. That,
however, was a short incident that barely appeared during their collaborative interaction, as
there was no pattern or sequence of reappearance. Students’ responses used constructive
dialogue as shown in the following Transcript 7:
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Transcript 7: Team D, Greek Students (Grade 6, SEeDS activity)

As seen in Transcript 7, S2 asked for clarifications about a scene, which resulted in another
student (S4) realising that something else was happening in that scene – “From solid … wait,
the sun came out, warmed it and it started running”. S3 agreed with them and repeated the
previous statement by S4 – the sun came out, it warmed it, and water ran. Then S1 expressed
his disagreement and attempted to clarify that the process they were looking at was
evaporation (instead of melting). S1 explained that “evaporation is here when it’s transferred
because the sun shines on it”. Then S2 sought a joint decision regarding the scene with the
thermometer. S4 explained where they should place the scene because the thermometer
showed how much the temperature increased.

Generally, students’ interaction in Team D had exploratory and disputational talk
elements. The short inferences of disputational talk rarely appeared, as Team D students
often engaged with each other and shared a mutual understanding, without being trained to
use exploratory talk, as it will be discussed extensively in section 7.3.
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6.3.2 SEeDS students’ talk in the English context
Like the Greek students’ talk (section 6.3.1), the English students’ talk seemed to include
characteristics of exploratory talk. After analysing all the English teams’ interactions, an
example from Team E is shared in Transcript 8, showing how students regularly engaged with
each other’s ideas before reaching a common decision (Mercer and Howe, 2012):

Transcript 8: Team E, English Students (Year 7, SEeDS activity)
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In Transcript 8, English students’ interaction began with students discussing the ordering of a
scene. The four students agreed that the particular scene should go first without any scientific
explanations. At some point, S1 wanted to ensure that made sense, with S4 consenting to it.
Seemingly, the SEeDs activity brought to the surface the role of sensemaking – “does it make
sense?” – helping the students to understand what they were producing. Nonetheless, one
student (S3) disagreed with S1 because it did not look right. S2 agreed, without providing
supporting evidence, which resulted in S3 providing some explanations about her point of
view – “The sun has to melt the water or whatever above this place”. S4 was uncertain about
her teammates’ statements, arguing that it still did not make sense. S1 agreed with S4, yet
none provided any justifications for their point of view in the disagreement. Finally, S2 shared
her idea about the one character going in the cold and the other in the heat, with the rest
agreeing.

Nevertheless, Team E’s exchange of ideas did not always unfold engagingly. There were
occasions, for example, where students’ talk had obvious features of cumulative talk.
Students engaged in short moments of uncritical sharing of ideas (Mercer et al., 1999) along
with repetitions and confirmations. The extract in Transcript 9 reveals the less typical
appearance of cumulative talk that is fundamentally important to discuss:
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Transcript 9: Team E, English Students (Year 7, SEeDS activity)

In Transcript 9, there were points in Team E’ discussion in which students contributed ideas
that were accepted passively. Although there was a cooperative interaction, there was no
critical consideration of ideas but indications of repetitions and confirmations. For example,
when S4 sought the team’s opinion about a scene, S2 suggested placing it after the [scene
with the] balloons, and S3 repeated the suggestion. Another student (S1) accepted the
suggestion but had some doubts about it. Then S4 sought to confirm the team’s decision, with
some hesitation. None of the other members seemed to share S4’s hesitation, and S3
reconfirmed the previous statement and proposed to “watch the other one first”. S4 seemed
to agree with her teammates, reconfirming the previous statement finally – “…. they seem
like the gas particles”. Then, S3 provided some explanation for choosing that scene guided by
the animations – “That’s when the boy lit the fire”, making thus a side-story comment. S2 was
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still uncertain about that scene, but S3 reassured her that it was the same. Team’s E discussion
ended with S1’s idea to “put it back for now and then we can decide”. Although incidents like
this one were not repeated in Team E students’ discussion, they were worth mentioning to
establish the various types of students’ naturally occurring talk while working collaboratively.

Overall, students’ discussions in Team E had exploratory and cumulative talk elements.
Despite the short inferences of cumulative talk, Team E’s talk was most engaging and
constructive in an instinctive way, without having received the training that participants in
the study of Mercer and his colleagues, as it will be further discussed in section 7.3.

6.3.3 Narration students’ talk in the Greek context
Whilst working through the Narration activity, the Greek students seemed to instinctively
make use of exploratory talk, as they engaged with each other’s views before reaching a joint
agreement (Mercer and Howe, 2012). A typical example of that is documented in the extracts
from Team B (Transcript 10):
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Transcript 10: Team B, Greek Students (Year 5, Narration activity)

As seen in Transcript 10, Team B’s interaction included elements of exploratory talk such as
seeking a joint decision by S1 at the beginning of the discussion, which resulted in S2 making
a suggestion and S4 disagreeing with that. Although neither S2 nor S4 explained their
statements, S1 emphasised that it was about evaporation, relating it to the content of the
scene, which showed gas. Then S3 wanted to clarify if evaporation was about an explosivelike process, with S1 denying it without justification. S3 asked for further clarification as
to which scene was evaporation, and S1 pointed out the scene in which the character cleaned
the window. S3 was still uncertain about the scene’s content and asked for further
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clarification. S1 stated that the character cleaned the window from evaporation, whilst S2
offered a more detailed explanation that the liquid did gas. Finally, S4 confirmed that
evaporation was about the liquid that became a gas, even though she had difficulty
pronouncing the term evaporation.

In the episode shared in Transcript 10, students seemed to engage with each other, despite
the simplistic and often unjustified exchange of ideas. There were other occasions, appearing
less often, in which students would engage in the sharing and building of information in a
positive yet uncritical way, defined as cumulative talk (Mercer et al., 1999), as shown in
Team’s B example of interaction in Transcript 11:
Indications of cumulative talk

Examples

Making a statement

S3: So, we should write that the particles in solid bodies
do not move

Repeating previous statement

S1: Yeah, in solids particles do not move

Relating evidence to content

S2: Guys, look what they are doing

Repeating previous statement

S4: They are not moving

Refuting previous statement

S2: They are moving… they are moving slightly

Accepting new statement

S1: So, write that down... in solids particles move slightly,
and they are close to each other...
Transcript 11: Team B, Greek Students (Year 5, Narration activity)

As seen in Transcript 11, Team B students exchanged ideas about the scenes’ content but did
not build on each other’s ideas nor offer any explanations as to why they accepted or refuted
those ideas. For instance, one student (S3) suggested making a commentary about the
particles in solid bodies that do not move, and S1 accepted that suggestion by repeating S3’s
statement. Then another student (S2) pointed out the animations in the scene, trying to relate
evidence to the scene’s content. S4 did not see anything different; thus, he repeated the
previous statements about the solids’ particles not moving. S2 refuted S4’s statement,
arguing that solids particles were moving slightly, perhaps guided by the animations of the
scene. Eventually, S1 accepted S2’s statement, despite his initially opposing statement, and
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repeated what they should write down – “in solids particles move slightly, and they are close
to each other”.

Overall, Team B students’ interaction was defined by exploratory and cumulative
talk elements. There was a flow in their interaction, which was often constructive and
sometimes passive. Students mainly engaged with each other’s ideas and provided
explanations where necessary, which will be discussed in section 7.3.

6.3.4 Narration students’ talk in the English context
Elements of exploratory talk were also found in the interactions of all the English students,
who worked collaboratively through the Narration activity. Drawing on evidence from Team
A as a typical example, the English students seemed to build on each other’s ideas whilst
offering satisfactory scientific explanations in Transcript 12:
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Transcript 12: Team A, English Students (Year 7, Narration activity)

In this episode of Transcript 12, indicative elements of exploratory talk are found in the
constructive way students build on each other’s ideas while seeking and offering explanations
before reaching a common agreement. Team A’s discussion began with a side-story comment
about a scene, which resulted in S1 suggesting that they should look at the particles and relate
the scene’s content to scientific evidence. Then S3 explained that particles in the water moved
more, and S4 added that particles moved around a lot, without clarifying if he referred to the
gas or the liquid particles. S2 built on the previous statements, arguing that when [balloons]
are filled up with liquid, the particles don’t move so much... After a side-story comment by S1,
guided by the scene’s animations, S2 wanted to clarify why there were jars in the scene, with
S4 and S3 providing some scientific explanations about it. S4 stated that the smoke particles
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would get into the jars, and S3 explained in more detail that particles spread out in the big
jar, but in the small one, they did not spread out that much. S4 also added that particles were
closer to each other in the small jar, and S2 agreed and proposed to write it down in their
commentary.

During their interaction, the English students would disagree without justifying their claims
or engage in competitive communication, which are considered key features of disputational
talk (Mercer et al., 1999). The episode in Transcript 13 provides supporting evidence of the
less typical incidents of disputational talk found in the Narration students’ interactions:

Transcript 13: Team A, English Students (Year 7, Narration activity)
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As seen in Transcript 13, students from Team A disagreed a lot during this episode, without
justifying their opposing views and counterclaims, trying to impose their opinion on each
other. For instance, at the beginning of their discussion, S1 stated that a scene showed gases
and S3 related it to evaporation without justification. S2 seemed to disagree with S3, pointing
out that evaporation was in another scene. The two students (S2 and S3) kept disagreeing,
offering counterclaims without supporting explanations. S4 then made a different suggestion,
pointing out the scene with the bathroom, which he thought might have been evaporation.
S3 shared an opposing view, claiming it was condensation. At that point, and perhaps realising
that they would not reach a joint decision, S4 changed the subject and continued with another
scene. S3 wanted to check whether the new scene was about evaporation, but S1 rejected
S3’s assertion, stating that [evaporation] was in another scene. The episode in Transcript
13 ended with S2 explaining the scene’s content whilst making an indirect reference to
melting – when the sun comes out, snow melts.

The shared examples from Team A’s recorded interaction revealed that English students’ talk
included elements of both exploratory and disputational talk. Students seemed to engage
constructively with each other, making suggestions, offering justifications, and seeking joint
consideration. On some occasions, students would become more competitive, expressing
their disagreement and individualised decision-making, which will be discussed in more detail
in section 7.3.

6.3.5 Summary
This section shared examples of how the Greek and English students’ instinctive talk included
elements of exploratory talk as they worked together to implement the SEeDS and the
Narration activity. Unlike Mercer, Wegerif and Dawes’ (1999) study participants, neither the
Greek nor English students received any prior training in using exploratory talk, meaning that
the two digital storytelling activities – SEeDS and Narration – engaged students in a
coordinated form of co-reasoning and argumentation. Both the Greek and English students
from the SEeDS activity had elements of exploratory talk in their interactions as they
exchanged and built on each other’s ideas, provided explanations, and reached joint decisions
about the content of the scenes and their ordering. In a similarly constructive way, the Greek
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and English students from the Narration activities used exploratory talk, as they shared a
common understanding and offered justifications about the scenes’ content. Most of the
time, the explanations students provided as they worked through each activity were simplistic
and minimal, which is quite expected because of their young age (Mercer et al., 2004).

The occasional appearance of elements of either cumulative (sections 6.3.2 and 6.3.3)
or disputational talk (sections 6.3.1 and 6.3.4) in both the Greek and English students’
recorded interactions established the existence of various types of talk found in students’
collaboration. While working together to implement the activities, students occasionally
engaged in a positive yet uncritical interaction (cumulative talk) or a competitive and
conflicting exchange of ideas (disputational talk), which was part of their social interaction. A
deeper discussion about the three types of talk found in participants’ collaborative interaction
is conducted in Chapter 7.

6.4 Challenge and engagement through the two activities (RQ3)
The final step of the thematic analysis (section 5.8.3) sought to answer RQ3 “Whether, and, if
so, how do the SEeDS and Narration activities engage and challenge learners in the two
contexts?”. Deriving evidence from students’ group interviews and team interactions allowed
for categorising students’ views about SEeDS and Narration into three themes, Ownership of
Creation, Fun and Conceptual Complexity. Section 6.4.1 presents the Greek students’ views
about the two activities and section 6.4.2 shares examples from the English students’ views.

6.4.1 The Greek students’ views about SEeDS and Narration
The Greek students’ views about the two activities were analysed based on the code manual
(identified from the data analysis, section 5.8.3) presented in Table 18 below. The quote
excerpts presented below reveal that Greek students enjoyed their activity, SEeDS or
Narration, and found them creative. The SEeDS students felt that their activity was hard and
sometimes tiring, while the Narration students found it easier having to invent only the story
plot.
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Category class: The structure of SEeDS and Narration
Properties

Ownership of creation

Fun

Conceptual complexity

less … more

less … more

hard … easy

(attributes)
Dimensional
range
(attributes)
Quote Examples
SEeDS

S5: we had to first think

S2: it was quite fun;

S5: some scenes gave us a

students

about ordering the scenes

we’ve never done it

hard time and we got tired

and then invent the plot

before

S1: we had to think harder

S1: we had to think hard so

S4: awesome

about how to order the

that it [the ordering] make

S1: we should do it

scenes and we didn’t know

sense

again in other classes

where to start

S3: I liked that we had to

as well

S2: it was hard because we

order the videos [scenes] in

S3: amusing

had to match the scenes

our own way and to make

S5: fun

together …

commentaries about them

S2: because there were

S2: I liked the fact that we

many scenes, it wasn’t easy

had

to figure out which scene

to

make

the

commentaries

goes where, which one

S1: I liked that we worked

goes first and so on

together – we don’t do it

S4: it was hard because

often – to create our own

there weren’t any captions,

story

and we didn’t know how
the right order should be
S3: it was a bit hard… but
fun… and we certainly
learnt from it … learnt
about

each

scientific

phenomenon

Narration

S2: we had to use our

S1: ours [version of

S1: it’s easier having to

students

imagination

activity] I think was

only invent the plot

S3: I enjoyed watching these

more fun because it’s

S3: our [activity] was easy,

videos and having to make

very confusing when

all

the plot commentaries

you have to order the

connected

S5: there were some ‘crazy’

scenes

S2: if we had the other

videos I really liked, and we

the

scenes

were

activity, we would think
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used our ‘crazy’ imagination

S4: I like animations,

harder and we would get

to make commentaries

they are child-friendly,

tired at the end. I prefer

S1: I liked that we could

quite funny

ours

personalise

the

story,

naming the characters as we
liked

Table 17: Categorisation of the Greek students’ views about SEeDS and Narration

In terms of engagement, the first theme, Ownership of creation, revealed that the Greek
students were excited with the activity they implemented and felt they had personal
ownership. Students from the SEeDS activity liked that they were free to order the scenes
according to their understanding and make commentaries about them. For instance, Student
5 stated, “We had to first think about ordering the scenes and then invent the plot” (S5), while
S3 pointed out, “I liked that we had to order the videos [scenes] in our way and to make
commentaries about them” (S3). That kind of ownership, however, seemed hard to some
students – “We had to think hard so that it [the ordering] make sense” (S1).

Narration students also felt excited about how they owned the creation of their story.
Indicative of what Narration students said are the views: “I enjoyed watching these videos
and having to make the plot commentaries” (S3) and “There were some crazy videos I really
liked, and we used our crazy imagination to make commentaries” (S5). Students from the
Narration group also mentioned personalisation as a way of ownership. “I liked that we could
personalise the story, naming the characters as we liked” (S1), a statement that no student
from the SEeDS activity made, despite having also named their story characters. That
personalisation touch was also found in the Narration students’ recorded interaction. An
example of students’ typical interaction is documented in Transcript 14:
S3: So, guys, first it’s the three guys who present themselves. Shall we name them now?
S2: Yes, so, this is Glassy and he’s a liquid, because all he does is to drink from this glass. And
this is Firefly, and he is a gas, because he drinks this weird drink and he burbs.
S1: We forgot the round-shaped one.
S3: He ‘ll be Roundy.
Transcript 14:Team E, Greek students, Narration

227

Narration students liked to name the story characters; it felt more personal. As shown
in Transcript 14, Team E students named the story characters after their basic features (e.g.
round shape, drinking from a glass etc.). That was a typical, indicative example of how the
Narration students added personal touches to their stories.

The second theme regarding engagement, Fun, indicated that students from both groups
enjoyed their activities and would like to do them again in other lessons. Students from the
SEeDS group said they had never worked through similar activities. Students stated that "It
was quite fun; we've never done it before" (S2) and that they "should do it again in other
classes as well" (S1).

Students' enjoyment of the SEeDS activity was also noted in the observation notes (Appendix
19) taken during the day, which documented that all the teams from St'2 (Grade 6) felt excited
about the SEeDS activity because they found it interesting and mind-challenging:
Point 4) Although all of the groups said that they felt excited about this activity and they found
it “mind-challenging” and interesting enough, Group D wasn’t very keen on writing the
dialogues.

Point 6) Group C said about the intervention: “it was a bit difficult that we had to order the
clips but that was mind-challenging, and we liked it”/ “it helped us understand physics better”/
“it was a great activity, I wish we could do more like that”/ “we wouldn’t have preferred the
activity any other way (like with the ordered clips)”

However, as shown in Point 4, Group D was not very keen on making the written
commentaries, despite being the group with the best ideas and most appropriate answers
regarding the story plot.

Similarly, students from the Narration group found their activity very funny,
favouring ““animations, they are child-friendly, quite funny”” (S4). Some of them seemed to
prefer the Narration over the SEeDS activity because it was an easier one. As S1 explained,
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"ours [version of activity] I think was more fun because it's very confusing when you have to
order the scenes" (S1).

In terms of challenge, the third theme, Conceptual Complexity, revealed that the structure
and creative process of the SEeDS activity were sometimes tired and confused students.
"Some scenes gave us a hard time, and we got tired", stressed S5. The rest of the team agreed
and added that they "had to think harder how to order the scenes and didn't know where to
start" (S1) and "it was hard because we had to match the scenes together" (S2). The absence
of visual or audio commentaries and the presentation of the scenes in an order that was not
predefined seemed to have troubled SEeDS students. As one student pointed out, "because
there were many scenes, it wasn't easy to figure out which scene goes where, which one goes
first and so on" (S2), while another student (S4) highlighted that "it was hard because there
weren't any captions, and we didn't know how the right order should be".

The findings from the recorded interactions of the SEeDS students enriched evidence in
support of the activity's conceptual complexity. In the shared example of Transcript 15, while
Team J students were trying to determine the right order of the story scenes and make sense
of the story content, they were confused about the content of a single scene:
S2: So, in the first one they greet, ‘hello’, and he does his trick
S4: And then he is the Solid and makes a solid ice
S1: This one confuses me; he makes something solid…
S4: He makes a solid ice
S3: He makes his solid sculpture
S2: And then it’s this guy with the honey
Transcript 15: Team J, Greek students, SEeDS

As Transcript 15 shows, students had to decide about the ordering of the scenes after they
reviewed every scene. That appeared to be challenging, considering that there was no
narration embedded in the scenes. Thus, S1 seemed confused by that scene which showed
the character making an ice sculpture of himself. S4 and S3 explained that the character was
related to solids, creating “a solid ice” (S4) and “his solid sculpture” (S3), making an indirect
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reference to solids in the first scene. After the scene with the solids, they would place the
scene in which was “the guy with the honey” (S2).

The absence of narration from the scenes seemed to challenge another SEeDS team, as
students were troubled about the content of particular scenes, as Transcript 16 documents:

S3: Ok, so what do I write? Solids, liquids, gases?
S1: Yes, solids, liquids, gases
S2: It is very confusing!
S4: Very confusing!
S2: I don’t know though; I don’t think that commentary goes there

Transcript 16: Team D, Greek students, SEeDS

Transcript 16 shows that, even after determining the order of some scenes, Team D students
(S2 and S4) were confused about the scenes' content, not knowing what to comment on.

Students' difficulty in implementing the SEeDS activity was also evidenced in the
observational notes taken on the day (Appendix 19). Group C, for example, at the end of the
activity, commented, "It was a bit difficult that we had to order the clips, but that was mindchallenging, and we liked it" or that "it helped us understand physics better".

Students from the Narration group did not face similar difficulties through their activity. As
S1 said, "it's easier having only to invent the plot" (S1), with S3 agreeing that "our [activity]
was easy, all the scenes were connected" (S3). Students generally favour easy tasks that do
not require much effort. As S 2 admitted, "if we had the other activity, we would have to think
harder, and we could get tired at the end. I prefer ours" (S2).

To conclude this section, the two digital storytelling activities, SEeDS and Narration, seemed
to engage the Greek students. They found them enjoyable, fun and felt they had personal
ownership of their creation. In terms of challenge, the SEeDS activity appeared hard-thinking,
difficult and occasionally troubling because it required students to think about the story plot
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and the ordering of the story scenes. The Narration activity was characterised as easy to
implement, allowing more time for its students to focus on the story plot.

6.4.2 The English students’ views about SEeDS and Narration
In Table 19 below, quotes from the English students’ group interviews are shared to show
that English students not only enjoyed SEeDS and Narration, but they also favoured it more
than a regular science lesson at school. The SEeDS students felt that the activity was hard,
taking longer to complete. The Narration students found their activity easy because it helped
them to focus on the content.

Category class: The structure of SEeDS and Narration
Properties

Ownership of creation

Fun

(attributes)

Conceptual
complexity

Dimensional less … more

less … more

hard … easy

range
(attributes)
Quote Examples
SEeDS

S2: you have your own S3: it’s quite fun

S2: it was harder

students

way of doing it and not S4: I think it's a good idea S4: it takes too much
being told how you do that these videos … you time to put together all
this and how you do 've got learning, you learn the characters, think of
that…

about them

the storyline...

S5: you can be more free S5: I thought that was fun S1: it takes too long to
and more independent, S2: and useful

create the storyline

and it is more creative S1: I like it because we and think what the
and easier

don’t do anything like this characters might be

S3: you don’t have like at school

doing

and

make

any short notice to do

possible speech as well

this and to do that,

S5: it was a bit hard

definitely you don't feel

trying to find the right

the pressure on you

place for each video
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S1: and you 've got to find

S3: it’s not like some

out the answers like work

notes

out yourself

gives, you do this and

the

teacher

this and this and you
just go for it… and you
don't really get it then
... but if you spend
more time, you get and
understand it and you
can re-watch it
Narration

S5: more creative way of S5: I would do it again

S5: it makes it easier

students

doing that rather than S2: It was good

for us to think about

getting little notes and S1: It was really fun … I’m the content
writing them like we do in glad I came
lesson

S1: I didn’t think it was

S4: we should do it in like complicated ...

S3: it's easier for us in different topics

S3: it was easier to

because it shows it step- S3: we never do anything know

the

story

by-step, like easier than like this at school… I think because it was …
the teacher goes ... you we should have like an S2: visual
can

read

them extra lesson, in which we S4: visual, only thing

independently but if like are doing this kind of stuff that you had to do is
in a group with a teacher

look

and

then

it

in the whole class…

reminded you of what

S1: it feels like we could

it was…

all do something
S2: it makes it quicker as
well and no one gets left
out
Table 18: Categorisation of English students’ views about SEeDS and Narration

Regarding students’ engagement in the two activities, the first theme, Ownership of
creation, revealed that like the Greek SEeDS students, the English students liked the activity
because it allowed them to be creative while working independently, without being told how
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to do something. An indicative example was given by S2, stating that she owned the “way of
doing it and not being told how you do this and how you do that”. Another student (S5) added
that he felt “more free and more independent and that [the activity] is more creative and
easier”. At the same time, S3 compared the SEeDS activity with a regular science lesson,
stating that he “didn’t have like any short notice to do this and to do that, definitely you don’t
feel the pressure on you”. In addition, S1 liked that they could determine the content
themselves, arguing that “you’ve got to find out the answers, like work out yourself”.

Being able to replay each story scene as many times as they wanted, helped the English
students to take the time to focus on the content before ordering the scenes. A typical
example is found in students’ recorded interactions shown in Transcript 17:
S4: Erm… shall we see that one again?
S2: Well, that doesn't really show that much
S1: It's like kind they are going into two rooms
S3: They ‘re doing something before going in there but I have no idea what…
S4: Yeah… and where would you put it? Before or after?
S2: I think you put it just before they go in
S4: Let's look that again, shall' we?
S3: Yeah, but it's actually the same... we can put it back for now and then we can decide
Transcript 17: Team D, English students, SEeDs

In Transcript 17, one student (S4) asked her teammates to watch a particular scene again
before deciding where to place it. None of the students was sure about the content of that
scene, as their responses revealed – "Well, that doesn't really show that much" (S2);
"They're doing something before going in there, but I have no idea what" (S3). S4 sought a
joint decision about – "Where to put it? Before or after?" and S3 suggested to "put it back for
now, and then we can decide". Having the opportunity to change the order of the scenes as
many times as they wanted, allowed Team D students to rethink the story content and work
out possible solutions until they reached the most desirable ones.

Like the Greek students, the English students also found that Narration was creative and easy
to complete because the activity allowed all the students to get involved in creating the story
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plot. An indicative example came from S5, who compared the Narration activity to a regular
science lesson, stating that it was a "more creative way of doing that rather than getting little
notes and writing them like we do in the lesson". S3 added that it was "easier for us because
it shows it step-by-step, like easier than the teacher goes ... you can read them independently
but if like in a group with a teacher in the whole class…". Also, other students, like S1 and S2,
agreed that the Narration activity made all students feel like they "could all do
something" (S1) and that it made it "quicker as well and no one gets left out" (S2).

The second theme regarding engagement, Fun, showed that the SEeDS and Narration
students enjoyed their activity and would like to do it again in other lessons, as it was not an
activity they did often. Students found the SEeDS activity as "fun" (S3, S5), "useful" (S2) and
informative, while S4 referred to the animated videos – "I think it's a good idea that these
videos … you've got learning, you learn about them". Another SEeDS student (S1) stated that
he liked the activity because they "don't do anything like this at school".

Like the Greek Narration students, the English students also enjoyed their activity and felt
glad to have participated in it because they found it "really fun" (S1) and "good" (S2). They
wished they could "do it again" (S5) "in different topics" (S4), because they "never do
anything like this at school … I think we should have like an extra lesson, in which we are doing
this kind of stuff" (S3).

In terms of challenge, the third theme, Conceptual Complexity, documented the English
students' views about the challenges they faced through the two activities. Same as the Greek
SEeDS students, the English students found that the SEeDS activity "was harder" (S2) because
it

took "too

much

time

to

put

together

all

the

characters,

think

of

the

storyline" (S4). Moreover, S1 pointed out that it took "too long to create the storyline and
think what the characters might be doing and make a possible speech as well", whilst S5
added that "it was a bit hard trying to find the right place for each video". Despite SEeDs being
hard to implement, S2 praised the fact that they were required to think hard to understand
it – "it's not like some notes the teacher gives, you do this, and this and this and you just go
for it… and you don't really get it then ... but if you spend more time, you get and understand
it and you can re-watch it".
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Regarding the challenge found in the Narration activity, the English students (like the Greek
Narration students) found it “easier to think about the content” (S5) and “did not think it was
complicated” (S1). A student (S3) stated that with Narration, it “was easier to know the
story” because it was “visual, the only thing that you had to do is look and then it reminded
you of what it was” (S4).
Watching the whole story as many times as they wanted, helped the English Narration
students focus on the story content and the plot invention. A typical example could be seen
in Transcript 18:
S1: Shall we just watch it from, like from, the top?
S2: Yeah
S3: Let’s watch it through and think then what we should write in that one…
S4: So, here he’s telling them about the two rooms. The man will go into the hot room and
the lady will go into the ice room.
S1: And then this guy, who was next to him goes in and wipes the mirror to see himself.
S2: Yeah, let’s do that then
S3, S4: Yeah
Transcript 18: Team C, English students, Narration

In Transcript 18, Team C students decided to watch the story again from the beginning to help
them think about what they should write in the commentaries. Doing so, one student (S4)
pointed out what the scene depicted - “… here he’s telling them about the two rooms. The
man will go into the hot room and the lady will go into the ice room”. Then, another student
(S1) explained what happened in the next scene until they all reached a joint decision about
what to write in the commentary.

In conclusion, SEeDS and Narration seemed to engage the English students, who found the
two activities enjoyable and creative, giving them time to work independently. The SEeDS
activity was characterised as hard to implement in terms of challenge. That is because it
required much time to think about the order of the scenes and the plot. Yet, some SEeDS
students liked that the activity required hard thinking because it helped them better
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understand the science topic. The Narration activity was characterised as easy, not
complicated to implement because students could look at the whole story to remind them
what it was about.

6.4.3 Summary
In this section, extracts from students’ group interviews and recorded interactions and
observational notes were used to demonstrate how engaging and challenging the two
activities, SEeDS and Narration, might have been for Greek and English students.
The Greek students stated that they enjoyed the activity on which they worked, SEeDS or
Narration because it allowed them to be creative and use their imagination. The Greek
students who implemented SEeDS found the activity hard, tiring, and occasionally confusing.
The Narration students found their activity easy to implement because all the scenes were
connected, and they only needed to invent the plot.
The English students enjoyed the activity they implemented, SEeDS or Narration, comparing
it to a regular science lesson. The English students who worked through SEeDS felt that their
activity was hard and challenging and that they had to spend a lot of time on it to understand
it and figure out the answers. The Narration students found their activity easy because it
showed them all the scenes, step-by-step, helping them focus on the story's content.

6.5 Chapter Summary
A systematic analysis of this research’s findings (Chapter 5) helped to review the data
collected in response to the three driving research questions of this research. Each section
demonstrated evidence from the Greek and English students who worked collaboratively to
implement the SEeDS or the Narration activity. The two activities, SEeDS and Narration,
helped the Greek and English students to think about and externalise their understanding of
many scientific concepts related to matter (RQ1). The activities also revealed students’ gaps
in prior knowledge about the particles’ movement (especially in gases and liquids and when
the temperature changes), the concept of heat (seen as a distinct entity from coldness), and
condensation.
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Moreover, SEeDS and Narration appeared to promote the Greek and English students’
instinctive use (as they were not taught this type) of exploratory talk (RQ2), which included
elements of shared understanding, building on each other’s ideas, providing explanations,
and

reaching

joint

agreements.

The

occasional

appearance

of

elements

of

either cumulative or disputational talk in the Greek and the English students’ recorded
interactions established the existence of various types of talk found when students work
together to implement a science activity.

Finally, regarding the third research question (RQ3), the data analysis identified that SEeDS
and Narration engaged the Greek and English students, who enjoyed the activities and found
them creative and fun. SEeDS appeared to have sometimes tired and troubled both the Greek
and English students because, as they stated, they had to think harder about the plot and the
ordering of the story scenes. Across the two contexts, the Narration students found the
activity easy to implement, stating that it gave them enough time to think about the story
plot.
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CHAPTER 7: DISCUSSION OF FINDINGS
7.1 Introduction
This discussion chapter aims to review in-depth the findings and determine the extent to
which the driving questions of this research have been answered. The chapter draws on the
findings from Chapter 6 and cross-references these with the literature discussed in Chapters
2 and 3. It is not the aim of this chapter to assert a specific position, but instead to present
the discussion in a way that enables the reader to get closer to students’ collaborative
interaction and engagement with the two digital storytelling activities, allowing them to draw
their conclusions (Grbich, 2007).

The three main research questions provide the organisational structure for this chapter,
underpinned by Mercer, Wegerif and Dawes (1999) framework for the typology of peer talk
in science learning and the pedagogical framework of problem-based learning. The chapter
argues that the two digital storytelling activities, SEeDS and Narration, can support students
in accessing, reflecting upon and recalling many scientific concepts relevant to the topic of
matter. At the same time, it helps them to identify gaps in their prior knowledge. The two
activities also seem to promote students’ instinctive use of exploratory talk, considering that
students have not previously been trained into using it. The occasional appearance of
elements of either cumulative or disputational talk in students’ interaction establishes the
variety of talk used when working together to implement a science activity. The final section
of the chapter argues that SEeDS and Narration engage and challenge students in the two
contexts. The SEeDS activity is challenging, making it hard to complete and tiring and
confusing, whilst the Narration activity is easy to implement and provides the opportunity for
students to focus on inventing the story plot.
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7.2 Supporting learners to access, reflect upon on, and apply prior science learning
(RQ1)
It was essential to this research to establish and document how SEeDS and Narration might
have supported the Greek and English students in thinking about and externalising their prior
learning, as reflected in the first research question:

“Whether, and, if so, how do the SEeDS and Narration activities support learners in each of
the two contexts to access, reflect upon, and apply prior science learning?”

In response to the first research question, the overall conclusion is that the SEeDS and
Narration helped students to recall, think about, argue about, and explain relevant to matter
concepts, such as the particle’s movement (in solids), heat, temperature, melting, freezing
and evaporation (section 6.2). The two activities also helped to identify gaps in students’ prior
knowledge about the particles’ movement (in gases and/or liquids and when the temperature
changes), the distinction between heat and coldness as two separate entities and the concept
of condensation. This overarching finding is discussed next as three interrelated subsections.
Firstly, the problem-based nature of the two digital storytelling activities is emphasised,
highlighting the carefully scaffolded learning experience found in SEeDS and Narration in
helping students to externalise their understanding of the science topic of matter.
Secondly, digital storytelling in science can facilitate serendipitous learning and stimulate
interest in science while supporting prior knowledge.
Finally, the use of scientific explanations as part of the story plot can indicate how the
students externalised their understanding (or lack thereof) of matter and its relevant
concepts.

7.2.1 The problem-based nature of the two activities
The findings of this research (section 6.2) reveal that the problem-based nature of the two
digital storytelling activities, SEeDS and Narration, helped the Greek and English students
recall and externalise and identify gaps in their prior knowledge about matter. Deriving
evidence from the Greek (sections 6.2.1 and 6.2.3) and English (sections 6.2.2 and 6.2.4)
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students’ resultant digital stories and their recorded interactions showed that students were
able to state most of the scientific concepts related to the topic of matter. Still, scientific
explanations did not always underpin these. The argument is that the two activities’ problembased nature helped students engage and interact actively with the learning material. Yet,
some concepts like condensation and/or heat (heat and cold seen as distinct entities),
particles’ movement in gases or when the temperature changes were hard to (understand
and) explain (see section 7.2.3) despite any collaborative engagement and interaction.

PBL methods are constructivist, student-focused approaches that promote reflection, skills in
communication and collaboration (Yelland, Cope and Kalantzis, 2008) and help learners to
develop strategies and construct knowledge (Hmelo-Silver, 2004). This research
acknowledges that the information that team members exchange to solve a problem does
not coordinate into a new piece of knowledge in each member’s head (Hatano and Inagaki,
1991). Still, it values students’ sharing and expanding on each other’s ideas instead of
individual solutions until a common ground is reached (Barron, 2003; Clark, 1996). The
findings of this research align with existing research on the beneficial role of problem-based
instruction in primary students’ collaborative solving competency in science learning in a
seamless learning environment (Song, 2018). This research goes beyond Song’s (2018)
assessment of students’ problem-solving skills. It highlights how engagement in collaborative
problem-solving can help students to reflect on and identify gaps in their existing knowledge
(see more in section 7.2.3).

Considering the limitations in research examining the use of problem-based digital
storytelling activities in science learning (sections 2.5 and 3.8), this research designed SEeDS
and Narration activities as digital story problems. Having to decide about the sequence of
events and devise the storyline (SEeDS) or devise the storyline of a given story (Narration) are
seen as jigsaws, whose solutions require different strategies. The SEeDS and Narration
activities were based on ill-defined story problems that did not have a single identifiable
answer. Students had to brainstorm and generate ideas related to the problems to identify
issues (Araz and Sungur, 2007) involved in the stories. Unlike the study of Araz and Sungur
(2007), in which teachers guided students on approaching the story problem, this research
made a difference by allowing students to work autonomously and take full responsibility for
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solving the story problem. That increased the possibility of all team members to contribute
to the discourse (Arvaja and Häkkinen, 2010) by thinking about and exchanging new ideas
(Linn and Eylon, 2006); resolving opposing views (Amigues, 1988); explain one's thinking
(Webb et al., 1995); receive explanations, and make critique (Chi, 2000).

The SEeDS activity required students to analyse a digital story problem (how to order the story
scenes) and define the context (sequence of story events) and content (externalise prior
knowledge). Then, students had to apply deductive and inductive processes to understand
the problem (which story scenes match together) and find a possible solution (invent the plot)
(Etherington, 2011). The Narration activity required students to understand the problem
(what the ordered scenes represent), define its content (externalise prior knowledge) and
find a possible solution (invent the plot). Students had to comprehend relevant visual
information through the two activities, conceptually organise the data, recognise the
problem’s deep structure, correctly sequence their solution activities, and evaluate the
procedure used to solve the problem (Jonassen, 2011). Students’ inquiry skills can be
developed through PBL instruction when students work together to gather the necessary
information from the available material and solve the problem, following a step-by-step
problem-solving procedure (e.g., representation of problem(s), development of solutions,
and monitoring and evaluation of a plan of action) (Chen and Chen, 2012). This research goes
beyond what Chen and Chen (2012) noted, showing that primary students can engage in the
problem-solving of ill-structured problems (Lesh, English, Riggs, and Sevis, 2013) without
following a guided procedure. As the SEeDS and Narration students tried to solve the story
problem, they employed those strategies to help them make the right decision. While many
studies examining the strategies that students use to create coherent stories have focused on
developing narrative and language skills (Nicolopoulou, 2019; 2016; 2008; Nicolopoulou and
Trapp, 2018), this research went a step further. It highlighted the contribution of problemsolving strategies in helping students to externalise and reflect on their understanding of the
learning material.

Decision making is itself an explanation-based process (Jonassen, 2011) because students as
decision-makers have to make sense of the story pieces presented to them to aid the
selection process. SEeDS students had to make a sequencing choice among alternative
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options, and Narration students had to make a content decision out of a given option. These
decisions are part of learners’ strategies to construct a coherent story (Nicolocopoulou,
2008). SEeDS and Narration students generated arguments to help them to resolve any rising
conflicts regarding the different choices (Jonassen, 2011). Making arguments requires
knowledge of the available options. Students’ decisions depended on how they argued for
and against each option based on their knowledge and how they combined those arguments
to reach a joint decision (Jonassen, 2011). SEeDS and Narration students had to externalise
and refine their prior knowledge about the topic of matter before sequencing the story events
(SEeDS) or verbalising the story content (Narration). Students’ final decisions resulted from
the process of supporting or rejecting alternative claims/decisions (Jonassen, 2011) and were
constructed as an explanatory representation in story form that contained causal accounts of
the evidence (Jonassen, 2011).

Asking students to solve problem-based stories like SEeDS or Narration enabled them to
control aspects of the story presentation (Moreno and Mayer, 2007) and thus take ownership
of their creation and challenge their existing assumptions (Kucirkova, 2019). The sharing of
ideas and information allowed the Greek and English students to share understanding and
make meaning based on their collaborative interpretation. As the findings revealed, the two
activities enabled the Greek and English students to interact critically with the content to
determine its presentation (SEeDS) or define its content (Narration), relate the story parts to
previous knowledge, and provide sufficient scientific explanations in their story
commentaries. The open-ended nature of the two activities enabled students to think harder
and uniquely apply their knowledge beyond the frames of the fragmented teaching sequence.
That aligns with the widely accepted view that harder versions of the same task can generate
better results (Brown et al., 2014), as students can learn more in the least preferred
conditions (Kelly and Tangney, 2006). Beyond what Brown et al. (2014) and Kelly and Tangley
(2006) noted, this research highlighted that there were occasions that students felt tired and
confused by the harder version of the SEeDS activity, which might have acted as an off-putting
factor for some students (see later section 7.4.2) That could be due to the open-ended, not
predefined nature of SEeDS, which made students’ collaboration more stressful because
there was no clear script on how to proceed (Azmitia, 2000).
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The ordering strategies that SEeDS students employed indicated how students
conceptualised matter by matching together chunks of information based on their shared
collaborative understanding. The learning strategies that Narration students used to make
sense and verbalise the content of a predefined story indicated whether (or not) students’
externalisation of prior knowledge about matter followed the hierarchical teaching sequence
proposed by the science curriculum. The problem-based nature of each activity posed
different challenges for students, which could, in turn, prove to be either positively thoughtprovoking or detrimental to students’ understanding of matter. The SEeDS and Narration
activities were not just story problems students had to solve. The two activities were based
on problems carefully broken down for each activity to capture what the Tricky Topic and
Stumbling Blocks were. Meaning that the design of the story problems relied on the careful
scaffolding of the learning experience, making the contribution of this research unique. The
important role of scaffolding the learning environment in terms of task features (e.g.
sequencing) and a problem-based learning context is also found in Leuchter, Saalbach and
Hardy’s (2014) study. However, the current research stepped beyond what Leuchter and his
colleagues (2014) did – measuring students’ success or failure in understanding scientific
concepts using scientific reasoning – and evaluated students’ interpretation of scientific
concepts through the carefully scaffolded learning experience found in SEeDS and Narration.
As the students worked through the two ill-structured problem-based activities, they had the
opportunity to think about new ideas (Linn and Eylon, 2006), resolve opposing views
(Amigues, 1988); explain one’s thinking (Webb et al., 1995), receive explanations and make
critique (Chi, 2008). As the Greek and English students sought to make sense of the context
and the content, they actively interpreted the ideas they encountered in the story scenes
(Osborne and Dillon, 2010). As a result, students shared a common way of understanding
through collaborative efforts, aligning with the socio-constructivist learning perspective
(Silcock, 2003). The suggestion, therefore, is that problem-based activities, including various
challenges, can promote the instinctive use of fruitful learning strategies by positioning
students as problem solvers.
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7.2.2 The use of digital storytelling in science
Drawing on evidence from this research, it could be argued that the two digital storytelling
activities provided an interesting way for the Greek and English students to show their
understanding of matter and an opportunity for them to organise and present their
knowledge. The process of abstracting and organising data is an effective way of engaging
students in higher-order thinking (Chu, Hwang and Tsai, 2010) and critical thinking (Dewi et
al., 2019; Nanjappa and Grant, 2003). Whilst this research did not seek to assess students’
communication skills like O’Byrne, Stone and White (2018) did, it highlighted students’
sharing of ideas, asking questions, expressing opinions, and constructing stories while
interacting with others and the iPads. Trying to access information, interpret and organise
their prior knowledge and then (produce and) represent what they knew to others is linked
to meaningful and transferable knowledge (Jonassen et al. 1993). As the SEeDS and Narration
students worked in a collaborative learning environment, it helped them to engage in
reflective thinking and evaluation (Nanjappa and Grant 2003).

Findings from this research are in accordance with the study of Hung et al. (2012) and Sadik
(2008) on the benefits of using digital storytelling in the science class in promoting learning
motivation and problem-solving capability (Hung et al., 2012; Sadik, 2008). The study of Hung
and his colleagues (2012) also provided valuable information about digital storytelling in
improving learning performance. In doing so, Hung et al.'s (2012) study fell into the trap of
assessing context-bound performance, missing out on two vital points. First, it focused on the
learning outcome than on the learning process, not considering that "learning, or at least
aspects of it, occurs in mind; and second, the behaviour is not a priori a reliable indicator of
cognitive processes" (Adams, 2006a, p. 244). It could be argued that students' good or poor
performance at the specific project-based activity, used by Hung and his colleagues (2012),
accurately indicated cognitive development. Yet, it could be inferred that such performance
was nothing more than an indication of the students' ability to carry out the task's
requirements. The study by Hung et al. (2012) failed to recognise how students constructed
their knowledge of a specific topic to evaluate it accordingly, and this is where this research
came in contrast. Researchers need to acknowledge that students previously failed to
understand or inadequately synthesise information. Thus, any new interpretation of
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information could be insufficiently based (Adams, 2006a). Therefore, research must focus on
how the activities can help students to reflect on their understanding, as in the case of this
research. Science (digital) storytelling research needs to focus on how learners construct
knowledge individually and shift from assessing performance to learning. As such, there will
be a thorough evaluation of the various ways in which individuals acquire, select, interpret
and organise information (Adams, 2006a) - that is, students' thinking.

This research found that the two digital storytelling activities encouraged students to express
their ideas and knowledge in an individual and meaningful way (Robin, 2016; 2008; 2005).
Students tried to personalise their stories by adding name recognition (Fitzgerald et al., 2017)
and human-like personalisation. The personalisation of stories (Hu, Gordon, Yang and Ren,
2021) helps students to externalise and reflect on their understanding of scientific concepts
and engage with the content and context of the story (Hadzigeorgiou, Klassen and Froese
Klassen, 2012). Putting a personal touch to the stories adds a layer of playfulness,
authenticity, and immediacy to the story (Kucirkova, 2013; Kucirkova et al., 2010). That could
also be attributed to the use of animations.

The animations in the two activities were carefully selected to connect to the curriculum
content and encourage active learning and collaboration, helping students to conceptualise
the science content (Barak et al., 2011; Barak and Dori, 2005; Najjar, 1998). Moreover, the
choice of the animations sought to address the educational needs of students in the topic of
matter. Considering that participants were middle- to low- attainers, animations helped them
to enrich challenging cognitive processes, such as abstraction or imagination that could be
short of. The findings showed that students understood better concepts and events, such as
particles' movement in temperature changes. This research extends the work of Barak and
his colleagues (2011), highlighting the value that thoroughly selected animations had on
learners with different learning styles.

Studies found that the use of animations and visualisations could improve students'
conceptual understanding (Barak and Dori, 2005), learning achievements (Dori et al., 2003),
and motivation to learn science (Rosen, 2009). The studies mentioned enriched evidence
supporting animations' ability to create mental pictures among students that were similar to
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the mental model of scientists, based on the construction of computerised molecular models
(Barak and Dori, 2005; Dori et al., 2003). Also, anthropomorphism – adding human qualities
to the substances – can aid the retention of scientific concepts (Banister and Ryan, 2001).
Despite their essential contribution to the field of science learning, these studies sought to
review and assess the impact of technology on an otherwise traditional lab experiment. Doing
so, they failed to acknowledge the importance of students' thinking during the learning
process of the activities.

Similarly, Rosen (2009) examined the impact of narrated animations in online stories on the
transfer of knowledge and motivation to learn science and technology. The focus again was
on students' performance before and after using the digital medium. Although Rosen (2009)
recognised knowledge transfer as one of the key components of higher-order thinking skills,
he ignored the learning process through which students unfolded their thinking. This research
accepted the value of carefully selected animations on the transfer of knowledge and
proposed the use of inaudible animations as equally motivating and engaging. Apart from
being enjoyable, animations are believed to help students to visualise individual concepts and
the relationships between them to gain an idea of the whole then. In such a way, abstract
concepts become more concrete (McCartney and Samsonov, 2011).

On the other hand, animations could be underwhelming and lead to excessively passive
information processing. The dynamic and vibrant nature of videos and animations could pose
a threat to novice learners, as the processing of visual materials required "high levels of
mental abstraction and synthesis of the procedures modelled that could overload students'
cognitive capacity" (Moreno, 2007, p. 766). That would prevent learners from performing
effortful cognitive processes required for deep understanding (Schnotz and Rasch, 2005).
That could be the case when the chunks of information exceed students' cognitive load
capacity (Sweller, 2007). Considering that Grade 5 students were taught the topic of matter
two months before conducting this research, it was expected that they might lack sufficient
content knowledge to guide their attention (Moreno, 2007). Learners' cognitive capacity
develops with age (Flavell, 1963), which could explain why older students (Grade 6) were
confident in handling all that information. In addition to the fact that they relied on retrieving
knowledge and past experiences to help them understand relevant information (Anderson,
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1983). In either case, knowledge is not memorising single chunks of information, which could
confuse students if presented in a greater number than the proposed teaching one. Meaning
that if students lacked appropriate domain knowledge to guide their attention (Moreno,
2007), they might easily get distracted from the vibrant nature of the animated videos.
Learners have their schemes of understanding, which are constructed through mental
representations rather than chunks of information fitted into their brains. In contrast to that
behaviourist view, in social constructivism, learning is a mindful activity that occurs in the
mind (Adams, 2006b). There is a need, thus, for embracing a socio-constructive approach to
teaching and learning science that does not primarily rely on performance scores to identify
students’ understanding of science.

The use of animations in both activities drew reference from the second principle of the
Cognitive Theory of Multimedia Learning (CTML), that of limited capacity (see section 2.4.3).
According to this principle, each of the two information channels, the visual and the auditory,
have limited capacity for processing information at one time (Mayer 2014). For example,
information that was initially presented to the visual channel could also be represented in the
auditory one if learners had devoted sufficient cognitive resources to the task (Mayer, 2005).
As in the case of this research, the Greek and English students across the two activities
received information only from the visual channel, and they had to construct the
corresponding verbal description in the auditory channel. That was not an easy task for the
Greek and English students to achieve due to the absence of what Clark and Mayer (2011)
called the contiguity principle. That principle states that “the effectiveness of multimedia
instruction increases when words and pictures are presented contiguously (rather than
isolated from one another) in time or space” (p. 444). That suggests that separating the
animation from the commentary (spatial non-contiguity) may disrupt the building of
referential connections needed to support problem-solving transfer (Clark and Mayer (2011).
In other words, if SEeDS and Narration students viewed animations along with concurrent
annotations, they could have provided richer descriptions of the depicted scientific concepts.
Despite the cognitive difficulties a single-channel presentation entails, this is often the case
with storytelling tasks. Learners are asked to produce a fictional story based on information
presented to only one channel – to the visual channel, for example – using a written prompt
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(Merritt and Liles, 1989), one picture (Coelho, 2002), several pictures (Hickmann and
Hendricks, 1999), a wordless storybook (Botting 2002), a video (Eaton et al., 1999).

Finally, there were occasions in which some story scenes looked alike that made students feel
confused and tired and led them to mistaken scientific explanations. Students often might
face deep-rooted difficulties in certain concepts, even though they previously scored high in
formal tests. The complexity (confusion) and tiring elements found in SEeDS and Narration
could aid to uncover these misconceptions rather than promote the repetition of superficial
knowledge. The two activities offered a new way of thinking and organising information,
contrary to the traditional teaching methods of feeding students with information carefully
created to compile the right memorisation (Adams, 2006a).

7.2.3 Students’ scientific explanations about matter
Engaging students in creating their digital stories through SEeDS and Narration revealed how
the Greek and English students interpreted and scientifically explained the relevant concepts.
As findings (section 6.2) revealed, the Greek and English students showed their understanding
of matter by providing explanations about many relevant concepts, such as the particles’
movement in all three states of matter, changes of properties when heat is added or removed,
the processes of melting, freezing and evaporation. It could be argued that the two activities,
SEeDS and Narration, provoked students’ cognitive processes, such as abstraction,
imagination, and creativity (Barak et al., 2011), by enabling them to think out of the box and
make a story based on their shared understanding. Doing so triggered students’ thinking
about the depicted scientific concepts and gave them time to think about and provide
scientific explanations.

The affordances of significant others, such as peers, also bears influence on the students’
scientific explanations, for example, through the joint construction of understanding (section
6.3). The discursive nature of social constructivist learning environments highlights the need
to give students time to talk. While the ideas that students exchange during peer interaction
may be right or wrong, existing research (Leuchter, Saalbach and Hardy, 2014; Inel and Balim
(2010) fails to acknowledge that interactive process by focusing on the measurement of
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individual students’ concept knowledge. These studies focused solely on students’ learning
performance after receiving problem-based instruction, without reference to peer
interaction. The current research moves beyond the assessment of science performance,
recognising the value of peer interaction in offering students the opportunity to scaffold their
understanding through the immediacy of shared interrogation ( Torrance and Pryor, 1998).

The findings identified (section 6.2) that students’ scientific explanations might not have
always been rich in description, but they were precise and sufficient. According to Mercer and
his colleagues (2004), it is expected that primary students’ talk is often quite simplistic and
minimal because of their young age. Also, students up to the age of 12 are less able to produce
rich story plots and coherent events than older students over the age of 12 (Stamouli, 2012).

Another reason could be that students lacked substantial knowledge (Clough et al., 2013) or
had an incomplete or mistaken one. The fragmented way (hierarchical sequencing, section
2.3.2) in which matter was taught at school (ΥΠ.Ε.Θ, 2018), might have left students with
incomplete or insufficiently constructed knowledge. The findings from this research concur
with what Tan, Lee and Hung’s (2014) concluded, that students’ knowledge – whether it is
hierarchical or horizontal – influences the creation of digital stories and the purposeful
integration between the narrative context and the knowledge content. Other studies have
shown that school science is disconnected from everyday life and learners find it difficult to
conceptualise and understand the connections of science (concepts) to the natural world
(Osborne et al., 2004). This disconnection gets bigger when students experience and speak
about scientific phenomena in an “everyday, or common-sense way of talking and thinking”
(Leach and Scott, 2000), which differs from the one presented at school. Therefore, students’
understanding is heavily influenced. From this perspective, participants tried to relate the
new information taught at school to existing ideas that were inappropriate (Taber, 2001).
Such a mismatch is seen as a ‘learning block’ that occurs when students bring in “aspects of
their ‘life-world’ experience that are not understood in scientific terms. Or it may derive from
prior classroom learning, which does not adequately reflect the pre-requisite learning needed
to make sense of the new topic” (Taber, 2001, p.130). In this case, it is the teacher’s role to
identify the situation and adjust their teaching methods accordingly to help learners
reconstruct the conceptual structures. On occasions, there may be “a mismatch between the
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ideas the teacher believes the student has available, and those they bring to mind in the
context of instruction” (ibid). That results in teachers’ failure to address students’ needs
adequately.

Also, certain concepts (e.g., condensation, particles’ movement in gases and/or liquids, heat
and coldness) were troublesome enough for students to understand and explain, unlike
others, such as evaporation or melting and freezing. Subsequently, students’ understanding
of specific concepts is sometimes superficial, regardless of whether they can associate the
correct technical term with the event or phenomenon (Osborne and Cosgrove, 1983).
Students may use labels like evaporation and/or condensation precisely but accepted
scientific explanations do not underpin their understanding of these terms. The concept
of condensation was the most difficult to explain, and SEeDS nor Narration helped students
to reflect on and identify that difficulty (or gap) in their knowledge. Considering that this
research stands by the socio-constructivist view that understanding should be developed by
the learner and not predefined by the teacher, it is worth discussing the nature of that
concept.

Studies examining students’ conceptions about the changes of states (Osborne and Cosgrove,
1983)

found

that

at

the

age

of

8

–

17

years,

students’

understandings

of evaporation and condensation were most of the times superficial, regardless of whether
they could associate the correct technical term with the event or phenomenon. Students tend
to use labels like evaporation and condensation precisely, but these do not underpin their
understanding of these terms. In this research, the Greek and English students mentioned the
term condensation across the two activities, but they could not describe its process. It is
common for students at the age of eight to eleven years to face difficulties
explaining condensation. Considering that young students’ “thinking is perception bound”
(Hadzigeorgiou, 2015, p. 74), they have difficulty accepting the idea that water in its vapour
state can be present in the air. The air is perceived as a “conduit for the water (formed), but
there is no sense that the water can be in the air as a vapour” (Bar and Travis, 1991, p. 704).
Students’ common-sense views about certain concepts persist even after receiving formal
instruction (Talanquer, 2009). The implication here is that the difference between matter and
its forms are difficult concepts to grasp at all levels and ages (Adbo and Taber, 2009) and
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across different countries (Hatzinikita et al., 2005). Not only has the current research verified
these findings but identified more detailed aspects of that occurring across different types of
engaging activities, such as SEeDS and Narration.

7.2.4 Summary
This section highlights the need to develop proper assessment tools to evaluate students’
learning needs beyond the test scores and the performance tables. The open-ended nature
of the two digital storytelling activities brought to the surface the deep-rooted difficulties that
many students under the age of 12 still had about certain scientific concepts, such
as condensation. That raises the concern about the proposed-by-the-curriculum teaching
sequence, the limited timetables, and the teachers’ view of learning. Teachers who view
teaching as the transmission of knowledge believe that teaching ways of thinking or
presenting problems that require students’ independent thinking is inappropriate because it
brings frustration and confusion (Zohar, 2008). This view of learning as a transmission process
is believed to promote standardised understanding that does not deviate from the prescribed
science syllabus set out in the curriculum (Entwistle et al., 2002). Teachers need to set openended tasks that require students to think independently and critically, giving them the
opportunity and incentive to construct personal meaning (Adams, 2006b).

7.3 Student’s types of talk that support science learning (RQ 2)
As highlighted throughout Chapter Six, students’ recorded interactions provided unique
insights into the types of talk the Greek and English instinctively used while working together
to implement SEeDS or Narration. As the students were not trained to use exploratory
talk (Mercer et al., 1999), examples from their coordinated ways of arguing, reasoning, and
ideas’ sharing, together with the other types of talk often found in collaborative learning
environments (cumulative and disputational) allowed exemplifying how they supported
students’ science learning. The typology of peer talk developed by Mercer and his colleagues
(1999)
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Consequently, the intention, in answering the second research question, is to draw together
and discuss students’ natural use of exploratory talk to determine:

“Whether, and, if so, how do the SEeDS and Narration activities facilitate the types of peer
talk that research suggests can support science learning in each of the two contexts?”

It was evident from the findings (section 6.3) that while Greek and English students worked
together to implement SEeDS or Narration, they engaged in the construction of meaning, as
participants’ existing ideas met the new ideas presented in the talk (Mortimer and Scott,
2003).

7.3.1 The use of exploratory talk
The reinforcing nature of open-ended, exploratory talk provides mechanisms and
opportunities for mediating knowledge construction into the social space (Adams, 2006).
Teachers need to devise more open-ended activities, such as the SEeDS (section 4.3.1) or
Narration (section 4.3.2), that require students to get actively involved with the content, think
critically, solve complex problems and apply their knowledge in and to the world (Shepard,
2000). The results from this research align with research showing that when students work
together in complex tasks with ill-defined problems, they are more likely to exchange ideas
and information (Arvaja and Häkkinen, 2010). They may also use higher-level reasoning
strategies, such as category search and retrieval and formulation of equations from story
problems (Nastasi and Clements, 1991). Thus, students take responsibility for every step of
the task, selecting the steps for its solution.

Evidence drawn from the Greek and English students working through SEeDS (sections 6.3.1
and 6.3.2, respectively) and Narration (sections 6.3.3 and 6.3.4) highlighted that the students
engaged in exploratory talk by offering opinions and giving reasons to support them and
seeking each other’s agreement before deciding about the ordering (SEeDS) or the content
(Narration) of their stories. Results from Mercer, Wegerif and Dawes’s (1999) study with 9-10
years old British children support these findings. Their study was designed to improve the
quality of students’ scientific reasoning and collaborative activity by developing their
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awareness of language use and promoting certain ‘ground rules’ for talking together. Results
from their study on the use of language through collaborative activities in the science
classroom applied to this research. When students used the kind of talk that Mercer and his
colleagues (1999) termed as exploratory talk, it improved their cooperation on problemsolving tasks, as well as their reasoning. This research also found that exploratory talk
provided mechanisms and opportunities for individual reflection on and (re)shaping existing
knowledge through constructive arguments that co-reasoned in language. Where this
research differed was that none of its participating students, neither the Greek nor the English
ones, were trained to use the specific ground rules for talking together, as did participants in
the studies by Mercer and his colleagues (Mercer et al., 2004; Mercer et al., 1999). Providing
teaching guidance was not the purpose of this research. Mercer and his colleagues (2004;
1999) explained that the implementation of the ground rules of exploratory talk refers to the
frequent use of some specific forms of language, such as the verb I think to denote a
hypothetical claim (section 6.3.2), the conjunction because to support a claim (section 6.3.1),
or the question do you agree to seek agreement. Throughout students’ interactions, there
were occasions that these forms of language appeared but at a very low frequency, which
was expected as students were not trained to use them.

The findings align with those from the SLANT (Spoken Language and New Technology) project,
which explored British primary students' use of talk when engaging in computer-based joint
activities (as described in Mercer, 1994). Mercer (2008) maintained the view that (naturally
occurring) exploratory talk during group work is uncommon, while it is hard to find "examples
of explicit reasoning, and co-reasoning, as exemplified by the use of requests for information,
challenges, and attempts to seek agreement" (p. 32). This research stands against Mercer's
(2008) view and supports that instinctive exploratory talk can appear less, often in a simplistic
way, if students are not trained and guided appropriately.

The problem-based nature of the two activities allowed the Greek and English students to be
further ranging in their discussions, throw out ideas and add to each other’s thoughts
(Hogan et al., 1999). While engaging in exploratory talk, students were given the opportunity
to construct new ways of understanding through a collaborative negotiation of their
meanings (Howe et al., 1990; Brook and Driver, 1986). Negotiating a shared understanding
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involved engaging critically but constructively with each other’s ideas and solving the problem
together. Drawing on evidence, SEeDS and Narration allowed students to argue more, seek
each other’s ideas before reaching a final agreement, and embark on a continuous discussion.
These findings are also in line with the studies of Morais (2015) and Kokkotas, Rizaki, and
Malamitsa (2010), which recognised the beneficial role of storytelling in science, helping
primary students to make connections to their existing knowledge and contextualised gaps in
students’ knowledge. These studies captured students’ understanding of scientific concepts
through a combination of storytelling with follow-up hands-on activities. In contrast, this
research proved that problem-based stories like SEeDS and Narration could do so without
additional pedagogical techniques.

In conclusion, the research findings identified that the problem-based nature of the two
activities, SEeDS and Narration, promoted exploratory talk. Whether students had to create
their story by ordering its events (SEeDS) or by defining the content of the story (Narration),
there was a “conflict and an open sharing of ideas in pursuit of rational consensus” (Mercer,
1996, p. 370). According to Mercer and his colleagues (1999), exploratory talk is more
effective for solving problems through a collaborative activity and is linked to meaning making
in science. This research has identified that sharing ideas to reach consensus does not require
training the students to conduct this type of exploratory talk but requires carefully scaffolding
the activities to elicit this type of talk.

7.3.2. The use of cumulative and disputational talk
A less frequent type of talk that the Greek (section 6.3.3) and English (section 6.3.2) students
used whilst working together on the two activities was cumulative talk, which resembled a
friendly but uncritical discussion (Mercer et al., 1999). It is not uncommon for young students
to have an unconstructive exchange of ideas while working collaboratively. That is shown by
a tendency to exchange and build information uncritically (Mercer et al., 1999). Findings from
this research illustrated that there were occasions when students would discuss the scenes’
content but uncritically and passively. That would involve accepting each participant’s ideas,
often repeating the proposed ideas without questioning them. Even when there was
disagreement, students would not provide any reasoning or justification for it.
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There was an uncritical, sequential continuation of the conversation that failed to address the
learning purpose of each activity. That, again, would be very common according to Mercer’s
(1996; 1994) studies. There might be an exchange of ideas and information in cumulative talk
before any joint decisions are reached. Yet, there would be a little challenge or constructive
conflict in the process of constructing knowledge. The interaction, in this case, is naturally
more like helping each other understand concepts without a need for deeper-level discourse
(Arvaja and Häkkinen, 2010).

The last type of talk that the Greek (section 6.3.1) and English (section 6.3.4) students
appeared to use occasionally was the type that Mercer and his colleagues defined
as disputational, characterised by uncooperative and competitive interaction (Mercer et
al., 1999; Mercer, 1994). There were instances in which students had a strong disagreement
about the content of some scenes, but they would not provide sufficient evidence to support
their claims. In these cases, students’ statements would be mainly assertive or defensive.
Mercer (1996) pointed out the fact that in disputational talk the relationship is competitive;
information is flaunted rather than shared, differences of opinion are opposed rather than
resolved, and the general orientation is defensive” (p. 370), which are in line with this
research’s findings.

The appearance of cumulative and disputational talk in the Greek and English students’
collaborative interaction could be attributed to students’ tiredness, limited attention, lack of
knowledge, limited collaboration and/or communications skills, and so more than to the
nature of the two activities. Collaborators’ interaction and their personalities and
relationships can also play an important role in managing collaboration (Arvaja and Häkkinen,
2010).

7.3.3 Summary
To conclude this section, this research has stepped beyond Mercer’s work (1996; 1994),
showing that the careful scaffolding in the digital problem-based stories of SEeDS and
Narration helped students to use exploratory talk without having received any training. The
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occasional appearance of cumulative and disputational talk elements established the range
in talk types that students instinctively use while working collaboratively. It should be noted
that any judgements made about the educational value of any observed talk (exploratory,
disputational or cumulative) require an additional level of analysis. That is the cultural level,
which “inevitably involves some consideration of the nature of educated discourse and the
kinds of reasoning that are valued and encouraged in the cultural institutions of formal
education” (Mercer, 1996, p. 370). This research will not concern itself with these cultural
factors further, as it goes beyond its scope and rationale. Further research is needed to
investigate the issue in more depth.

7.4 Engaging and challenging learners (RQ 3)
Underpinning the final research question is exploring whether the structure of the two
activities, SEeDS and Narration, engaged and challenged learners in the two contexts (section
6.4). The wording of the question attempts to consider this relationship by asking:

“Whether, and, if so, how do the SEeDS and Narration activities engage and challenge learners
in the two contexts?”

Specifically, the findings suggest two things. First, the Greek and English students found the
two activities enjoyable, fun, and challenging because they enabled them to work
independently and use their imagination. Second, students in the two contexts found the
SEeDS activity hard and often confusing and tiring because they first placed the story scenes
together and then thought of the plot. Regarding the Narration activity, the Greek and English
students felt it was easy to implement because all the story pieces were connected, and they
had more time to focus on inventing the plot.

7.4.1 Ownership and enjoyment
The analysis of findings (section 6.4) in the previous chapter indicated that the Greek and
English students expressed feelings of pleasure and enjoyment about the two activities. More
specifically, they felt like they owned the creation process of the two activities, even though
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they had a different level of ownership over each one. Having students involved actively in
creating their story, either by sequencing the story events (SEeDS) or by adding narration to
a predefined story (Narration), enabled students in the two contexts to use their imagination
to invent the story plot. This overarching finding of ownership through creativity aligns with
the findings from Siew, Chin and Sombuling (2017) study, who found that the combination of
PBL with cooperative learning had fostered children’s scientific creativity and understanding
of scientific concepts. This research differed in evaluating students’ experience of scientific
creativity through digital story problems, moving beyond typical science tasks.

SEeDS students felt like they had better ownership of their activity because they first had to
determine the ordering and sequencing of events and then invent the plot. That could relate
to the third principle of CTML, active processing (Mayer, 2014; 2005), which proposes that
learners actively engage with learning content to comprehend new information. That is likely
to happen using interactive learning environments, in which the learner can actively and
directly influence their learning processes (Hillmayr et al., 2020). One way to achieve
interactivity in learning settings is by enabling learners to define the preferred order of
presentation (Hillmayr et al., 2020). SEeDS, for example, offered participants the opportunity
to manipulate – to a certain extent – the presented information, determining thus the
preferred order of their story. The physicality of manipulating and methodically arranging
digital scenes to match and make sense pushed students to think not only harder but also
differently (Matthews-DeNatale, 2013).

The Narration activity did not include such interactive features, so students could not
determine the preferred order of presentation. However, the Narration students across the
two contexts also felt that they owned the creation of their story because they were free to
define its story plot by adding narration. Adding their narration onto the story served as a
signal that helped the Greek and English students to “build cause-and-effect relations among
the pieces of verbal and visual information” (Mayer, 1997, pp. 18-19). That, in turn, enabled
students to build one-to-one connections between actions in the visual and verbal
representation (Mayer, 1997).
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Apart from owning the creation of the story, the findings of this research documented that
the Greek and English students enjoyed the two activities, and they favoured the use of iPads
and teamwork. The use of technology-supported activities in science (and other subjects) is a
common practice in Greek (ΥΠ.ΕΘ, 2018; Π.Ι, 2011) and English schools (DfE, 2014), especially
if schools are equipped with contemporary electronic devices (computers, laptops, tablets,
interactive boards and many more). Research provides supporting evidence in favour of such
technologies in science learning relating them to secondary students’ enhanced interest and
motivation (Nikolopoulou and Kousloglou, 2019), primary students’ positive reactions about
the integration of digital technologies in the classroom (Silva et al., 2019) and collaborative
learning strategies/collaboration (Fu and Hwang, 2018). Although the use of iPads is not
referenced explicitly in either country’s science curriculum or the selected schools’ regular
teaching approaches, the findings suggest their use. IPads in a collaborative setting helped
the SEeDS and Narration students across the two contexts to engage creatively with the
science content while it enacted their understanding of scientific concepts. It is suggested
that teachers use their judgement about when such tools should be used in the classroom
(DfE, 2014) and always in accordance with the safety rules (protection of personal data of
pupils and teachers) (Nikolopoulou and Kousloglou, 2019).

Lastly, the Greek and English students favoured the animated videos/scenes included in the
two activities. Animations in learning are found to support students’ motivation in learning
science in terms of self-efficacy, interest and enjoyment and connection to daily life (Barak et
al., 2011). Solomon (2002) highlights the impact of pictures and cartoons in a science story
because individuals have a much larger capacity for in-built attention to moving objects. The
findings from this research align with Barak et al. (2011) study results. It would be safe to
argue that both the SEeDS and Narration activities kept students engaged in implementing
their science activity. That could be explained in terms of students’ engagement in three
important cognitive processes – selecting, organising, and integrating (Mayer, 1997). As the
findings from this research revealed, these cognitive processes in which students engaged to
solve the two digital story problems, SEeDS and Narration, proved to challenge students’
understanding and engage them in a way that they wanted all their classes to be structured
in this way. The SEeDS and Narration activities did not require students to simply watch the
animations. The uniqueness of this research is found in that its two activities enabled students
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to create their interpretation of the animations and, subsequently, the scientific concepts
they represented.

Overall, the SEeDS and Narration students across the two contexts felt personal ownership of
the activity because they could contribute to the story creation. Creating a digital story does
not necessarily require a new story because authoring or editing existing stories (Kucirkova,
2018) combines physical and mental intensity, attention to detail and reflection. Students’
active participation in story creation helps them negotiate their understanding of stories
(Kucirkova, 2018). It could thus be implied that choosing the right tools could help students
engage in the construction of knowledge both individually and collaboratively while giving
space for personal development of knowledge and meaningful and critical thinking. Taking
into account that “deep learning depends on cognitive activity” (Moreno and Mayer, 2007, p.
312), ownership of the creation of a story aids students in making connections between their
creation and their sense of learning (Alexander, 2017). As such, digital storytelling could be a
valuable educational tool that gives voice to students’ thinking. This comes along with
Papert’s perspective on emphasising students’ agency in making choices, thinking
independently, and seeking answers (Kucirkova, 2019). Teachers need, thus, to carefully
select (interactive) digital tools that match their students’ learning needs (Nanjappa and
Grant 2003; Jonassen et al. 1993).

7.4.2 Levels of conceptual complexity
Further to the notion of ownership and enjoyment that the Greek and English students felt
about the two activities is the repeated reference to the different levels of conceptual
complexity that students experienced through SEeDS and Narration. In particular, students
across the two contexts felt that the SEeDS activity required hard thinking, and it often
confused and tired them. Some students were intrigued by that level of complexity and
favoured the fact that it pushed them hard first to determine the sequencing of events and
then invent the plot. Others were discouraged by this. Regarding the Narration activity,
students found it easy and uncomplicated because it offered them enough time to focus on
the story content and not on its order of presentation. The Narration activity could also be a
challenging task, assuming it was harder for students to produce a technically accurate story
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plot by following a predefined sequence than to have the ﬂexibility to build their sequence
around the concepts they could recall and were conﬁdent they knew. However, the results
from this study highlighted that the predefined story order of Narration made students
experience it as an easy task.

A possible explanation for that can be found in Jonassen’s (2011) statement about structured
stories. When people receive information that is not predefined, they are likely to construct
a story out of the given evidence to make sense of it. When information is given in a story, it
is more relevant and easily understandable. When the story events are ordered and
sequenced, it helps individuals mentally organise the given information and make sense of its
plot (Bruner, 1990). One might argue against this because by narrowing the scope and
sequence of the information supplied and specifying a single order of presentation, the story’s
designer intentionally leads the learners to arrive at a predetermined plot (Mahnaz, Hung and
Dabbagh, 2019). That means different story events could create a very different experience
(Szurmak and Thuna, 2013) for the Narration students. Reciting a series of events does not
constitute a story (Cobley, 2001) because all parts must be structured so that the entire
sequence of events is meaningful (Nicolopoulou, 2008) to the story creator. Providing the
Narration students with a predefined sequenced story did not necessarily make it easy for
them to understand the science concepts or invent its plot. The Narration activity was based
on one identifiable story plot, which single individuals could also accomplish (Chizhik, 2001).
That implies students’ collaborative interaction could end up more like helping each other
understand concepts without a need for deeper-level discourse (Arvaja and Häkkinen, 2010).

The SEeDS activity was considered hard and occasionally confusing and tiring because it
required students first to determine the story order and then invent its plot. That could be
attributed to the fragmented presentation of the story content. The process of creating a
story is heavily dependent on how one could see their understanding of something come
together and make sense. SEeDS students in the two contexts had to make the fragmented
elements of what was not yet fully understood hang together to have a coherent story (Clark
and Rossiter, 2008). The absence of connections and logical relationships among the story
elements in SEeDS made it hard for the students to determine its overall plot (Dettori and
Paiva, 2009). Thus, students had to think hard, essentially trying to make sense of the story
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scenes, discern the story internal logic, and figure out how it is related to what is known
already (Clark and Rossiter, 2008). Seeking to relate the fragmented story pieces to their
previous knowledge and experience, students employed higher-order strategies such as
looking for patterns and underlying principles, checking the evidence and relating it to
conclusions; whilst arguing cautiously and critically (Entwistle, 1996). Looking for patterns and
examining cautiously and critically are indicative features of critical thinking and making
meaning (Entwistle, 2018).

The fact that SEeDS presented the story scenes in an order that was not predefined would
not explain the hardship, confusion, and tiredness that the Greek (section 6.4.1) and English
(section 6.4.2) students occasionally felt when implementing the SEeDs activity. Another
justification could be found in the animation’s transitory nature. That is, SEeDS students had
first to investigate the information delivered by the story animations, then relate it to existing
knowledge (Lin and Atkinson, 2011), and finally sequence that information in a coherent plot.
In doing so, SEeDs students might have experienced a high level of extraneous load, which
frustrated them. It could also be that SEeDS students found it difficult to construct a sustained
plot because the story content was fragmented (Laurillard et al., 1999) and not presented in
a predefined manner. An argument against that would be that the techniques of
segmentation and interactivity found in the SEeDS activity might have provided learners with
greater control over the learning process (Mayer and Moreno, 2003). For instance, Mayer and
Chandler (2001) found that learners who studied segmented, controlled animations
understood the lightning formation better than their peers, who viewed a whole, continuous
animation unit. Through the SEeDS activity, students took control of the segmented story
scenes and organised and determined the story plot by deliberately placing its events in a
meaningful-to-them sequence. Doing so helped the SEeDS students demonstrate their
understanding of the context in which the decision was made and the specific topic. It also
highlighted the value of students’ involvement in creating the story in terms of authorship,
autonomy, authenticity (Kucirkova, 2018; 2017). Therefore, it could be argued that to
mitigate the transitory nature of animation, learner control should be available to learners
(Ayres and Paas, 2007).
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The absence of auditory information (section 2.4.3) combined with the fragmented story
content could also justify the level of conceptual complexity found in the SEeDS activity.
Mayer (2014; 2005) has stressed that for learners to transition from the visual to the auditory
channel, they have to rely on adequate existing knowledge. Therefore, learners’ prior
knowledge influences how new or existing information is processed (Anderson, 1983). The
study of Clark and Mayer (2011) found that animations alone did not improve students’
understanding of creative problem-solving performance. However, Clark and Mayer’s (2011)
study was concerned with the practical application of instructive animation. That is, they
examined how students could learn about the operation of a bicycle tire pump (or a car’s
braking system) by studying narrated animations describing each step in the process. The
current research differentiates itself from the study of Clark and Mayer (2011) as it did not
investigate students’ practical application of scientific knowledge after instruction. Instead,
this research used educational animation to evaluate students’ understanding of a specific
science topic following traditional teaching methods.

Finally, SEeDS students might have faced a variety of possible solutions to understand the
activity (Mayer, 2002). That involves the invention of alternative hypotheses that can often
exceed the boundaries or constraints of prior knowledge and existing theories, resulting in
divergent thinking (Mayer, 2002). This divergent phase required harder thinking about
changing a situation from its given state into a goal state (Mayer, 1989). The more students
thought about how to order and sequence the story scenes, the more "strategies they used
for representing and processing new information" (Mayer, 1989, p. 206). That is the essence
of using harder versions of the same task to generate better results (Brown et al., 2014), as
students can learn more in the least preferred conditions (Kelly and Tangney, 2006). The hardthinking nature of the SEeDS activity pushed students to pay attention to the relevant
information and mentally organise and present that information into a coherent
representation (Mayer, 1999). SEeDS students had to work out a story structure for
themselves to make sense of the content (Entwistle, 2018), which required autonomous
decision-making (Barell, 2007).
Moreover, the process of abstracting and organising data has been recognised by researchers
as being an effective way of engaging students in higher-order thinking (Chu, Hwang and Tsai,
2010) and critical thinking (Nanjappa and Grant, 2003). The current research stepped beyond
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the existing literature by linking an engaging animated process that the above studies did not
use. This research did not seek to assess learning but to explore how students externalised
and reflected on their prior learning and what thought they had learned.

7.4.3 Summary
To conclude this section, both activities were an opportunity for students to engage in science
learning and develop their cognitive skills, such as thinking, explaining, making sense, and
understanding (Chen et al., 2003). Findings from this research revealed that predefined
activities, like Narration, offer the opportunity to students to become creative and own the
learning process. The Greek and English participants of this research did not feel like their
creativity was limited because they were not allowed to determine the order of the story’s
presentation through the Narration activity. On the contrary, they expressed their preference
for such a structured activity because it gave them more time to focus on the content and
think about the plot. SEeDS students, some of whom found their activity hard and occasionally
tiring, were not discouraged, disengaged from the activity’s difficulty and also enjoyed the
process of creating it. The implication, therefore, would be that teachers should have their
judgement to decide on the type of digital storytelling activities they can use in their science
class, based on their students’ attainment levels.

7.5 Chapter Summary
The purpose of this chapter was to discuss the findings of this research seeking to address its
two research questions while linking them to international literature. One of the principal
findings was the two digital storytelling activities helped the Greek and English students to
reflect on and externalise their prior knowledge about many concepts relevant to matter. The
problem-based nature of the two digital storytelling activities brought to the surface the
deep-rooted difficulties that many students under the age of 12 still had about certain
scientific concepts, such as condensation, heat and (gas and/or liquid) particles’ movement
when the temperature changes. Another important finding was the careful scaffolding of the
digital problem-based stories, SEeDS and Narration, which helped students use exploratory
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talk without

training.

The

occasional

appearance

of cumulative and disputational

talk elements established the range in talk types that students commonly use while working
collaboratively. Finally, the two activities allowed all students to become creative and have
personal ownership of the story creation. The findings indicated that the SEeDS activity was
challenging, making it hard to complete and at times tiring and confusing. The Narration
activity was easy to implement, allowing students to focus mainly on inventing the story plot.

The last chapter, Chapter 8, discusses the implications and contribution of this research both
to research and practice and concludes with suggestions for further research.
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CHAPTER 8: IMPLICATIONS AND CONCLUSIONS
8.1 Introduction
The final chapter of this thesis discusses the research's unique contribution to science
teaching and learning and outlines the wider implications that concern all stakeholders.
Finally, it presents some research limitations and concludes with recommendations for
further research and practice.

8.2 Unique contribution of the research and implications
The present research makes its unique contribution in informing teaching practices and in
enriching the knowledge base about novel activities in teaching and learning science through
digital storytelling. It also has implications for research and practice, referring to the academic
audience and those involved in education, such as teachers and researchers.

In terms of the academic audience, this research enriches the knowledge base of exploring
the educational uses of digital storytelling in engaging students in meaning making while
helping them externalise their understanding of a tricky topic in science. Despite the
considerable work published on the importance of meaning making in learning (Vygotsky
1987; 1978) and the supportive role of digital storytelling in students' construction of meaning
(Alexander 2017; Matthews-DeNatale 2013), the contribution of problem-based digital
storytelling in the learning and teaching of science is largely unexplored. This research
emphasises the role that problem-based learning in combination with storytelling plays in
shaping students' understanding of specific tricky topics, providing, thus, a foundation for
further research on the subject. The significance of such an in-depth exploration can be seen
on the micro-level, expanding from a single-classroom level to school community levels,
parents, and school practitioners. The uniqueness of this research is found in the construction
of digital story problems that help students to externalise their understanding of scientific
concepts and identify possible gaps in their knowledge while interacting collaboratively with
their peers. An implication is that problem-based stories, with their hard-thinking and
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challenging nature, and digital storytelling with its creative and playful format can engage
students in meaning making in science.

The use of single prompts to the visual channel combined with students’ active interaction
with the content as they determined the preferred order of presentation (Mayer, 2014)
makes the two activities, SEeDS and Narration, quite challenging. Providing information in
one channel demands learners to devote adequate cognitive resources to the task to
eventually process it in the other channel. When information is presented to the eyes through
illustrations, videos, or animations, it is processed in the visual channel. When that
information is presented in an order that is not predefined (like in SEeDS), it becomes more
challenging for the learners to organise and visualise its order and sequence mentally. When
information is presented to the ears, like oral or audio narration or nonverbal sounds, the
processing takes place in the auditory channel (Mayer, 2005). Having students work
collaboratively helps them process information to the auditory channel through social
interaction. Yet, such information may or may not be congruent with what the
representations are intended to show, causing a mismatch of the information processed
simultaneously in the two channels.

In exploratory talk, students engage critically and constructively with each other’s ideas, seek
agreement before reaching a common decision and provide reasoning and explanation for
their thoughts (Mercer et al., 1999). Existing research (Mercer and Howe 2012; Mercer 2008;
Mercer 2002; Mercer et al. 1999; Wegerif and Mercer 1997) on the use of exploratory talk is
primarily concerned with teacher-led scaffolding and guidance. This research reveals that the
two digital storytelling activities can promote the instinctive use of exploratory talk to a
certain extent. When students work collaboratively and independently, without the teachers’
guidance, they often engage in critical thinking and constructive arguments to produce a
desirable outcome. However, students’ collaborative interaction does not always run
smoothly, as there are occasions in which students may engage in a positive yet uncritical
interaction (cumulative

talk). Or

in

a

competitive

and

conflicting

exchange

of

ideas (disputational talk), which is expected during collaboration and verifies the existence of
various types of peer talk found in students’ interaction (Mercer et al., 2004).
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Moreover, this research makes its unique contribution regarding the methodological
approaches used to evaluate students’ (thinking about and) understanding of specific
concepts. There is a significant gap in the practical construction of learning activities that help
students externalise and reflect on their understanding of a science topic. Using the five
Stumbling Blocks to build the two digital storytelling activities provides the basis for creating
an evaluation rubric, which aids in identifying students’ gaps in knowledge that no previous
research has extensively done up to date.

In addition to closing gaps in current literature, this research provides practical information
to schoolteachers about the beneficial use of problem-based digital storytelling activities. As
an aiding tool for distinct teaching methods, digital story problems can be used not only in
the subject of science but in Maths, geography, literacy and other school subjects. This
research offers insight into how predefined and not predefined activities based on
storytelling, supported with digital tools, can foster students’ engagement in and ownership
of the learning process. Depending on students’ attainment level and knowledge background,
teachers can opt for easy activities, such as Narration, or challenging activities, such as SEeDS
that makes students think hard to facilitate critical thinking and constructive dialogue in
science learning.

Lastly, the findings of this research inform the optimal design of science stories based on the
animations. In terms of structure, cartoon animations fit the trends of current educational
technology and students’ familiarity with them. In terms of content, when animations are
carefully selected to match the learning needs and purposes of the instruction, they can help
students to externalise their understanding of science concepts. At the same time, they can
also identify students’ deep-rooted learning needs. The implication here is that the two digital
storytelling activities can elicit students’ conceptions about specific scientific phenomena to
a great extent in a seamless way that differs from the traditional summative assessment.
Findings reveal that students often think they understand a concept because they can
articulate it with precision or do well in tests. Yet, they are to explain or justify it correctly
when asked to do so. Students can use labels precisely, but scientific explanations do not
underpin their understanding of these concepts. That is a significant implication for teaching
practice. It stresses the need for (science) teachers to employ different strategies to identify
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students’ gaps in existing knowledge, based on children’s reasoning for their answers and not
the answers themselves (Driver, 1983).

8.3 Recommendations for teaching practice
This research has further practical recommendations for teachers' professional development
and training. Its significance lies in the currently limited guidance that stems from empirical
research about the use of problem-based digital stories in helping students to externalise and
reflect on their understanding of science tricky topics.

Initially, the research findings highlight the need for teachers to receive more training in
identifying tricky topics among the subjects they teach. Although the literature on tricky
topics emerged in the last decade, this research provides further evidence to support its
significance in the field. Identifying tricky topics in school subjects helps teachers and students
to understand where and why they have difficulties teaching and learning specific topics,
respectively. Teachers must get the opportunity to reflect upon their practice and become
aware of their strengths and limitations. That will reflect their pedagogical practice and, thus,
students' learning. There is, therefore, a need for regular pre-service (through university
courses) and continuous in-service teacher training and CPD activities. It is also necessary that
current teaching policies are often upgraded to improve the quality of teaching and
effectively address the educational needs of students. Furthermore, there is a demand for
continuous quality review procedures to monitor and advise on standards and excellence in
teachers' education. It is vital to provide students with the highest education experiences they
are entitled to expect.

Moreover, the analysis of students' interactions from both the SEeDS and Narration teams
casts light on the value of problem-based digital stories in engaging students in meaningmaking in science. SEeDS enables students to make their own sequence decisions about the
plot based on their understanding of the order of story presentation and sequence of content.
Narration allows students to define an unknown plot based on a predefined order of story
events. Therefore, teachers must not evaluate student stories as good or bad by analogy with
the original one. The significance of the two activities, SEeDS and Narration, is that it gives
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students the freedom to think about, recall, externalise and reflect on their prior knowledge
about a science topic.

In terms of engagement and challenge, students find both activities fun, enjoyable and
creative, but they view SEeDS as challenging because it requires hard thinking and is difficult
to complete. The process of ordering and sequencing, not just storytelling, makes students
think hard not only about the story plot but also about the order of the story presentation.
That poses questions about what learning is. If it is about just ticking a box, getting past some
exam test and having fun in doing so or being challenging but transformative. This research
concludes that learning can be fun and transformative simultaneously. Yet, it is up to each
teacher (who understands their students’ learning needs) to decide which type of problembased digital storytelling activity they will use. Emphasis must be placed on designing learning
environments that focus on students’ thinking, not performance. The thinking in which
students engage is vital to the learning process and shapes what is finally learned. In contrast,
performance indicates no more than students’ ability to read the requirements of a test
(Adams, 2006b).

Findings from this research also confirm that students generally find technology-enhanced
activities enjoyable. The teacher’s contribution in creating such activities can be crucial for
determining students’ learning experience (Mercer, 1994). How teachers introduce and
define activities to their students strongly influence how students perceive and interpret the
requirements of the activity. The ‘voice’ of the teacher can be heard in the students’ discourse
when the teacher is not around (Mercer, 1994). That is also the case when presenting a
complex idea or topic. It first needs to break down into smaller segments. Each segment must
be first processed for meaning before the set is combined into the larger idea unit (Novak,
1988). From this aspect, teachers need to always consider students’ attainment levels to
create suitable activities that match students’ educational needs. Peer mentoring and school
support mechanisms, such as in-school consultation, are indicative methods for providing
guidance and checking the quality of teachers’ creative teaching strategies.

Considering the Greek and English participants' middle- to low- attainment level, students
need to learn to use strategies that require constructive dialogue and explanations. This
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research demonstrates how teachers can use the two digital storytelling activities to explicitly
teach discursive strategies and raise students' communicative self-awareness (Mercer, 1994).
Students need to understand the importance of challenging ideas, making arguments explicit,
justifying them and reaching a joint agreement. If students are "to work effectively in groups
with relatively infrequent teacher intervention, they must be helped to precisely understand
what is expected of them, and why these expectations are being set" (Mercer, 1994, p. 30).

Lastly, the constitution of groups is of great importance to the learning process. Teachers
need to consider their specific aims when using disparate groupings, mainly where the groups
work autonomously for extended periods (Mercer, 1994). Different learning skills and
personal styles of working can overwhelm other aspects of the design of an activity (Mercer,
1994). The suggestion for teachers is to set up collaborative learning environments that
involve heterogeneity, such as high-attainers with middle-attainers or middle-attainers with
low-attainers to enhance students' understanding of the learning material.

8.4 Limitations of the research and recommendations for future research
Like any other research including qualitative – and not only – methodology, this research has
limitations and recommendations for future research.

First of all, coming from a different educational and cultural background than the one in which
the first pilot and one study were undertaken means that my understanding of how things
work within UK schools was limited. Unfortunately, there was no time to visit the English
school in advance to observe and explore the characteristics of the different settings and
understand the UK educational system’s purposes and teaching approaches. Therefore,
gaining an understanding of the educational system, teaching, and learning was that of
someone ‘outside’ the system – something that could be considered positive as well, in terms
of unpacking observations that an ‘insider’ could not.

A second limitation relates to the cultural background and the language used. Some of the
primary data sources were audios and transcripts from English students’ interactions, in
which the language used differed from the researcher’s native Greek language. It was
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recognised that each language had its metaphors, expressions, cultural norms, words and
idioms, which could not be precisely translated. As such, an attempt to translate the whole
dataset in advance could undermine the accuracy of the data, not giving an accurate
representation of the participants’ opinions and views. The purpose was to have a clear
picture of data to code the transcripts without loosing any critical information that emerged
from the language itself and the implicit meanings of participants’ answers. The researcher’s
bias was one of the most severe threats to the research’s trustworthiness (Johnson and
Christensen, 2004). Transcripts were kept in Greek to prevent it, thereby minimising the
mediation and the danger of bias. Thus, help was sought from other native English-speaking
researchers and the supervisory team to translate and understand words and expressions in
the selected datasets. That proved to be an advantage for the transcription and analysis
processes (English to English). The same, however, could not be argued for the Greek data
(Greek to English), as it allowed for translation errors and points missing in both transcription
and analysis. Being an insider in the Greek context, speaking the language of instruction,
benefited from the English study. There were times that only through the analysis of findings
with supervisors, concepts, norms and practices accepted in ‘the cultural insider’ were noted
as unusual and unique.

Another limitation the reader should be aware of is that data was collected for a particular
science topic. Therefore, it is difficult to generalise findings to other courses or subjects.
Digital storytelling covers a broad spectrum of school subjects. Teachers can use storysequencing to create digital stories (with educational material available online) and present
them in maths, history, geography, literacy and many more.
In this context, there is also the limitation in the choice of schools and teachers. The target
school originally planned to be in the research involved primary school children from a UK
school. However, as often happens with school-based research, some initial engagement and
data capture issues were encountered. That included establishing connections with a primary
school in Milton Keynes that later withdrew due to pressures from current educational
curriculum changes. Then, follow-up contacts with an old colleague working in a primary
school in Athens, Greece, were made.
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Similarly, the research concerned itself with two different groups (one Greek and one English)
within two different schools. The population in each group/school had different learning and
socio-cultural backgrounds and attainment levels. Findings, therefore, cannot be considered
universal truths but merely an interpretation of how the specific case indicated students
understanding and formed working hypotheses about the issue. In sum, the generalisability
of the study’s findings to other classes or schools with similar populations is hard.

A fifth limitation is linked to the design of the research. It should first be acknowledged that
the composition (selection, editing, ordering and sequencing of the animated videos) of the
two digital storytelling activities was based on the individual understanding of me as the
creator, being both a researcher and teacher. Meaning that a different teacher or researcher
could make a different selection of sources, combine scenes differently and generally
determine a different plot. In addition to that, the design of the two activities relied on the
five Stumbling Blocks that the English and Greek teachers identified as students’ barriers to
understanding matter. That was limited by the possibility of inappropriate delivery of
teaching or the teachers’ knowledge or specialism limitations. In other words, the SBs
occurred from reviewing teachers’ understanding of students’ problems and applying them
in practice through the two activities.

A sixth limitation refers to the story application used (OurStory), which guided students to
edit their stories using a specific step-by-step procedure. The Our Story application produced
some technical difficulties when students were viewing the scenes on the app, which
frustrated and got them complaining. That could be because some iPads were of older
technology than others. The app, nonetheless, was checked the day before and was working
properly on all the iPads. Another technical issue concerned the recording apps and devices
used in the English study. A few of them stopped recording at one point without, however,
risking the integrity of the project as they were immediately identified and fixed. In other
words, more experiments are needed to investigate the effectiveness of different applications
with more flexible functions.

Attention should also be given to the occasions when both Greek and English students could
not focus on the activity because the animated videos amused them. That could be because
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students were middle- to low- attainers and perhaps needed more support and guidance
from their teachers. Or because they saw the activity as a chance to enjoy some playful
learning time other than writing and listening.

Finally, in qualitative research, the researcher becomes the research tool, meaning that
attention should be given to the possible bias of the researcher due to her professional
identity as a teacher. That is, my involvement in the creation of the two digital storytelling
activities and the collection and analysis of the data could have been influenced by my
expectations for the effectiveness of one activity (SEeDS) over the other (Narration). This
research uses the ‘audit trail’ method to avoid that, providing detailed accounts of the data
collection process, data analysis and presentation of the findings. Considering the subject
nature of qualitative methodology, which relies on identifying patterns “located in the
subjective interpretation of data” (Levitt, 2015, p. 456), any qualitative research needs to be
“assessed on its terms within premises that are central to its purpose, nature and conduct.”
(Spencer et al., 2003, p. 4). The ‘audit-trail’ method, thus, describes the research plan, from
planning to implementation and links the research questions to the research conclusions
through the steps undertaken during data collection and data analysis. In this way, the
research plan is discussed and justified appropriately to meet the research’s purpose and be
consistent with the overall approach. Yet, the transferability of results to other settings or
from one context to another should be treated with caution.

8.5 Chapter Summary
This research has used digital storytelling to help students externalise and reflect on their
understanding of the tricky topic of matter in science. The design and creation of the two
digital storytelling activities, SEeDS and Narration, was based on elements from the socioconstructivist approach to learning, which views the construction of knowledge as the
product of social interaction, interpretation and understanding (Vygotsky, 1962). It also used
the notion of tricky topics, which referred to the topics containing difficult concepts that both
students and teachers had difficulty learning and teaching. Students relied on prior
knowledge to help them to determine the order of the story presentation and invent the plot
or only invent the plot. Students engaged in meaning-making as they adapted information
273

and reflected on their existing knowledge. They provided necessary explanations and
employed thoughtful and critical strategies while working collaboratively with peers.

Teachers should encourage and teach students to get actively involved in the sharing and
building knowledge, shifting their focus away from the requirements of test and exam
questions met by superficial and rote learning. At the same time, teaching should be not
merely concerned with prescribed performance targets that supersede cognitive
development. SEeDS and Narration required students to interact vigorously and critically with
the content. However, the exceeding number of the chunks of information (scenes) along the
lively nature of animated videos may have hindered middle- to low- attainment students'
capacity for information processing, not helping them make congruent connections with prior
knowledge. Teachers, therefore, should consider that when designing and implementing such
activities, without being discouraged.

To sum up, this research acknowledged the challenges and difficulties of designing and
implementing activities that seek to address tricky science topics with which students and
teachers struggle. Identifying and understanding the origin of the problem is crucial before
constructing any digital storytelling activity. Teachers need to be mentally and critically
equipped to acknowledge the problem before meeting students' learning needs. Thus,
extensive support and continuous guidance in teachers' professional development must be
provided. Finally, designing and implementing this research, creating the two digital
storytelling activities, analysing the data and writing this thesis provided valuable gains for
addressing the need to focus on students' thinking and understanding in teaching practices.
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Appendices
Appendix 1: The Science Programme of Study for the fifth and sixth Grades (Π.Ι, 2011)

Programme of study for the fifth Grade:

Programme of study for the sixth Grade:

Physical Sciences and Technology

Physical Sciences and Technology

Thematic Units

1st
Unit

Matter

Sub-units

Didactic

Thematic Units

Didactic

Sub-units

time/

time/

hours

hours

1.1: Living organisms - Life around us 6

1st

1.2: Materials and technological 5

Unit Organisation 1.2: Respiratory system

objects around us – Raw materials

Structural

of

5

4

1.1: Reproductive system

the 1.3:

Relating

functions

4

of

the

1.3: Density of the materials around 5
us
3

Human Body respiratory - digestive - circulatory

1.4: Mixtures, solutions, air, water

know

1.5: Acids, bases, salts

body

6

– Getting to systems: blood

2nd

my

Sound

Unit phenomena

2.1: The hearing system

2

2.2: The ear

2

2.3: Construction of simple musical

2

instruments and acquaintance with
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the musical instruments of different
cultures
2.4: The production of sound

2

2.5: Reflection and absorption of 4
sound
2.6: Effects of modern technological
advances on human hearing
2nd

Heat in our 2.1: Heating and cooling of indoor 2

Unit

Lives

1

rooms and houses
2.2: Temperature measurement

3rd

The

light 3.1: The sun, a source of light

Unit around us

2

4

2

3.2: The travel of light: the ray aspect 4
3.3: Reflection and refraction of light

3

thermal 4
interaction - Thermal conductivity of 1

3.4: Rainbow

1

3.5: Plants "turn" to light

1

materials

3.6: Vision and the eye

2

2.3:

The

effect

of

2.4: Changing the condition of
materials
2.5: Technological applications protection
3rd

Technological 3.1:

Unit

Applications
of Energy

Manufacture

machines

of

simple 2
4
2

4th

Creating

4.1: Forces

3

Unit

forces

4.2: Measuring forces

2

4.3: Contact and non-contact forces

1
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3.2: Less energy for the same needs 12

4.4: Gravitational attraction

2

4.5: Friction

2

4.6: Pressure

6

country now and in the future

4.7: Moving around safely

8

3.4: Energy in living organisms

4.8: Gravity attracts plants

1

and desires
3.3: The energy wealth of our

5
7

3.5: Ecosystem: food relations, food
chains
3.6: The journey of energy in the
human body: the circulatory and
digestive systems in humans.
4th

Electric

Unit

Magnetic

5th

Energy

5.1: Energy in objects

2

Unit

Transfer

5.2: Energy transfer and stores

2

5.3: Can energy have many "faces"?

2

5.4: Energy dissipation

2

4.3: Electromagnetism

5.5: Energy in plants

8

4.4: Great discoveries that changed

5.6: Energy in fuels and food

2

and 4.1: From toys with magnets… to 4

Phenomena

experiments with electrical and
magnetic phenomena
4.2: In… the avenues of charges

4
4
6

our world - Faraday
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There are four main units break down into sub-units, which, in turn, match nine different
chapters in the science textbook 9: Chapter 1: Materials; Chapter 2: Mixtures; Chapter 3:
Energy; Chapter 4: Digestive System; Chapter 5: Heat; Chapter 6: Electricity; Chapter 7: Light;
Chapter 8: Sound; and Chapter 9: Mechanics.

For the sixth grade, there are five basic units with their sub-units, which correspond to
thirteen chapters in the science textbook: Chapter 1: Energy; Chapter 2: Heat-Temperature;
Chapter 3: Living and non-living organisms; Chapter 4: Plants; Chapter 5: Animals; Chapter 6:
Ecosystems; Chapter 7: The respiratory system; Chapter 8: The circulatory system; Chapter 9:
Electromagnetism; Chapter 10: Light; Chapter 11: Acids, Bases and Salts; Chapter 12:
Transmitted Diseases; and Chapter 13: The reproductive System. As it appears, there is a
continuity and coherence in the themes presented in the instructional units of the science
programmes of study for Grade 5 and Grade 6. In Grade 6, these themes are gradually
developed and explored in more detail through additional units.

9

The

teacher

book

and

student

textbook

and

activity

books

can

be

found

online

at

http://digitalschool.minedu.gov.gr , and are available only in Greek.
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Appendix 2: The research-developing model proposed in the Greek programme of
science study
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Appendix 3: Extracts from the pilot scoping workshop with the English science teachers

INTERVIEWER: What I ‘d like to do now is to take an exam, question... have you got
anything in here that you might be able to…?
B (biology teacher): I ‘ve got a really hot topic we could really look into the particle theory of
liquids, solids and gases… they don’t understand that …
INTERVIEWER: so, the particle theory...
M (chemistry teacher): there is so many misconceptions in that, it’s very simple, we
understand it, but kids don’t
INTERVIEWER: that’s also chemistry, isn’t it?
C (chemistry teacher): yeah...
INTERVIEWER: so assuming that it’s our tricky topics... could you, between you, if you would
like to break that down, break this particular subject down into up to 8 different bits, we ‘ll
call them stumbling blocks, not more than 8, or from between 4 and 8... and you to identify
some key parts to that, that might be assessable?
C: kids put these things into words ‘cause they are usually quite into drawing pictures, and
they can see what’s happening in the pictures but then they actually can’t put these in words,
looking for words to put into these pictures in verbalising what happens … they ‘re used to
seeing pictures and themes and I can recognize different stages usually
M: yeah, from the pictures... but what I noticed is that with the liquids… liquids is where the
stumbling block comes for me, because they assume that the liquid molecules are just here
and here ... miles away from each other, just rather than sliding over each other, and they
think that there is lots of space between them and they don’t..
C: misconceptions?
M: yeah... I think it was you with the marble traders that kind of I used to get over this... it
was you I got the idea from when I spoke to you when I’ve first come in to model this
C: to model the spaces?
M: yeah
B: then they can’t link the model to key events like rapture and [inaudible]
C: so, linking…
INTERVIEWER: It’s alright, do a bit of a sketch and link in the model…
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C: how about understanding things like density ... what about evaporation as well... because
I find when you get them to […] about evaporation
M: they already can’t do it... and then conduction not linking to convection... because I was
surprised that they could actually describe conduction quite well and then they really struggle
with describing convection ...
C: it is this transfer...
M: yeah... and evaporation and then it just relies on more complicated...
M: language, isn’t it?
C: concepts are difficult [inaudible] I used to be at the start with skimming words … and I
thought it was quite difficult
M: yeah, so do I... because they can link it back into why they need to understand this...
C: yeah, so that’s underpinning it’s not the fundamental ... in fact this is really basic, it’s not
going to affect this, it’s not the occasion, it’s like the other things
M: or its not given the time or the worth it should do … because this is actually having a lot of
misconceptions in and that builds on through the key stages
C: even though it is done over and over again, it’s never done properly and then they switch
off completely ... what about practical work? Do you think they can do that?
M: so, do you remember this kind of stuff? Even though they never link it to the density, do
they? there is like... when you kind are, the table with the differences between solids, liquids
and gases, whether they flow or they take a shape ... they seem to remember that... they
don’t know what it is, so they don’t understand that last column ... that’s like a chain...
because density doesn’t come down until Y9... they should have a better understanding of
what density is so then link back into this ...
INTERVIEWER: so how many things have you got so far?
C: application that is application of the more fundamental things which is being addressed in
the curriculum. They are used to seeing diagrams and they should recognize pictures but
actually verbalizing what’s going on and understanding its phases…
B: there’s a six-mark question based on this and they don’t get it very well ... it’s in one of our
internal exams... probably P1
C: they tend to look things in isolation rather than putting everything together... they are
remembering things than understanding the relationships between them... we ‘ve got that
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the misconceptions they develop very young, and then we can’t correct them because they
do it too often...
INTERVIEWER: so, the particle spacing in the liquids is one...
C: yeah... it’s like when you ask them why your hand feels cold when evaporation is going on
M: yeah, they don’t understand that it’s actually cooling it down, do they? […]
M: I think that’s the key bit, think they are trying to rote learning rather than understanding
... they never go fast at very top level, do they?
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Appendix 4: Extracts from the Greek workshop with the Grade 5 teacher
INTERVIEWER: so, what you ‘ve got here?
A (Grade 5 teacher): I ‘ve already got two topics, electricity and matter. In electricity, you
know they find it hard to understand when the circuit is off and on, and how it relates to the
light switches on the wall. In matter, they ‘ve got lots. One thing is that they don’t think that
gases exist because they can’t see them. They think that boiling and evaporation are the same
thing. And then they can’t tell the difference between heat and temperature.
INTERVIEWER: ok! could you then define what their basic misunderstandings are, in a more
concrete way that you might be able to start pulling apart, saying ok this is a specific source
of problems that students have with those, I am going to call them stumbling blocks, on this
topic?
A: I think that students found it hard at the beginning, about the particles, the atoms… these
were concepts that they had not come across before.
INTERVIEWER: did you notice anything in particular?
A: They had difficulties with some words, for instance they couldn’t understand what the
particles of the three states were. But they are doing really well in the class, they participate,
they really like the experiments … it’s just that they can’t understand and verbalise some
scientific concepts.
INTERVIEWER: why do you think is that?
A: because they were not familiar with these lessons before, with this topic I mean, which
refers to things they can’t see, and they deal with things that they can’t see in reality. They
believe that matter exists only when there is proof of it. That is, gases have neither mass nor
volume. So, they can’t be heated either.
INTERVIEWER: ok
A: To give you an example, most of my students, I am referring to the ones I have this year,
they had never observed the phenomenon of condensation. They have probably taken it for
granted. So, when they [students] were asked to explain why there were droplets on a glass
full of ice, they could not answer. I think perception is a problem, they don’t usually
understand the process of what’s happening.
A: the same happens with evaporation, they confuse boiling with evaporation, they think it’s
the same thing. This is the kind of stuff I am talking about.
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INTERVIEWER: so, the problem is not only perception you think?
A: then there’s communication. They don’t use the right sort of language... there is this
language and common language... and they don’t use the right vocabulary... and then they
have difficulties to actually say what they want to say.
A: science has a difficult vocabulary. Every time I teach science to 5th or 6th graders, they all
have the same problem this problem. They can’t really describe a phenomenon using proper
scientific phrases.
INTERVIEWER: so, they don’t have the language they want?
A: actually, some have the words… but they can’t put those words together, they can’t
actually express it, as an expression. The way that students verbalise science events and
phenomena … it is different from their daily talks… a different vocabulary, not so
comprehensible… and they get confused trying to remember things and words
INTERVIEWER: how would you explain that though? I mean some of them have the words
you say and still they can’t get hold of a proper explanation
A: Because they are children, first of the image, second of the printouts, of the instructions…
that is “do the exercise like in the example” and so kids have not learned to read [instructions]
on their own and to think about what they should do. This is where the bad thing begins. And
finally, we have reached a point where they [students] don’t know how to read and
comprehend in literacy. And then we expect them to understand science!
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Appendix 5: The original story script/scenario as taken from its sources
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Source for scenes 1, 3, 5, 8, 9, 10, 11, 12: https://www.bbc.com/bitesize/topics/zkgg87h

Source for scenes 2, 4, 6, 14, 15 : https://www.youtube.com/watch?v=tuE1LePDZ4Y

Source for scene 7: https://www.youtube.com/watch?v=jmm1J2yI9tk

Source for scene 13: https://www.youtube.com/watch?v=xGKg3TSO4v8
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Appendix 6: Participant Information Sheet and Parent/ Caregiver Consent (Greek
Version)

1. ΔΙΑΔΙΚΑΣΙΑ ΕΡΕΥΝΑΣ:
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Appendix 7: Participant Information Sheet and Parent/ Caregiver Consent: Learning by
creating digital stories
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Appendix 8: Participant Information Sheet and Student Consent: Learning by creating
digital stories
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Appendix 10: Mapping Diagram (Stage 1 of the Tricky Topic Process)
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Appendix 11: Group interview questions with students
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Appendix 12: Extract from group interview with team A, Grade 5/E’1 class
Time

Interviewer

00:00:11.7

… so how would you describe Anj: a story
the activity you did before?

Students (Anj, Mar., Hel.)

Hel: yeah
Mar: It was like a story

00:00:22.8

Like the stories you are used to Anj: No
doing?

Mar: No, it was different
Hel: Different… yeah

00:00:27.9

What was different? Can you Mar: It was on an iPad and we had to put
explain?

it in an order
Anj: We had to make the commentaries
Hel: It was a story with videos instead of
pictures

00:00:37.3

Exactly… it’s called digital story Hel: Interesting
because it uses digital devices, Mar: Fun
like iPads. So how did you find Anj: Cooperative
it?

Mar: We liked it and we want to do it in
other classes as well

00:00:51.8

In what other classes?

Mar: Geography, maths

You girls? In what other classes Hel: same
do you want to do it?
And you Anj?
00:00:55.1

Anj: Yeah, in maths … and the arts maybe

Yes, in the arts too… so what Hel: that we cooperated
did you like exactly?

Mar: and we made the commentaries

Anything else that you liked or Anj: yeah, I liked that too… I liked that we
didn’t like, Anj?

used the iPads … I can do it on my iPad at
home too

00:01:05.7

So, how did you find it that you Mar: Erm… it was a bit difficult, because
had to order the story scenes there was no audio or text and we didn’t
and it wasn’t an ordered story? know how the order went
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Anj: yeah… maybe we could use some help
from you or the teacher
00:01:10.0

I see… and you Hel., what do Hel: like they [Mar. and Anj] … said
you think?

00:01:11.0

You too think it was difficult?

00:01:11.8

Can you give me an example? I Hel: … I mean… we [looking at the other
want to hear more …

Hel: mmm [nodding] …

two] found it a bit difficult … we got
troubled at some point …
Anj: yeah… but we found it in the end
Hel: yeah … because, you know … we
didn’t know what they [characters] were
saying and we had to imagine … and then
we had to relate the scenes together so
that they match
Mar: yes, that was hard …

00:02:07.7

Hmm… I see… so, if you did this Mar: oh no, harder, I think … because still
activity

with

still

pictures pictures do not animate, and we wouldn’t

instead of animations, how know what each character did. I mean it
would you feel about it?

was difficult with no sound [audio] or
dialogues

[commentaries]

but

with

pictures it’s more…
00:02:24.1

Aha… what do you think Anj. Hel: yes, I think the videos are better …
and Hel?

they are ‘live’ … we can see what they
[characters] do

00:02:35.2

Why is that?

00:02:42.5

I get it… Anj, what do you Anj: yes, we like them [animations on tv] …
think?

00:02:48.3

Hel: it’s like the cartoons we watch on tv

they are fun

That’s nice … and what if you Anj: No… we prefer the iPad
did this activity on a desktop or Mar: yeah… because we can touch on it
a laptop rather than on an and it’s easier
iPad?
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Hel: yeah, and we could drag the videos
down [in the storyline] and then back up
[on to the main screen]
Mar: yeah, and we don’t use them much at
school… only the computers … so it’s nice
to do something different
Anj: yeah, I know… and I practice on it at
home, my mom gives it to me after I do my
homework
00:03:01.0

Interesting… but here at school Anj: yeah, I know we do educational things
we use it differently than at here…
home I guess ….
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Appendix 13: Interview questions with teachers
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Appendix 14: The first digital story piloted in an English class

The original predefined story about division of fractions

355

Appendix 15: Instructions’ Protocol for the SEeDS and the Narration activities
•

Introduction of myself and my research interest:

Good morning children, I am miss Popi and I am a researcher at the Open University UK. I
am here with you today because I am doing a research for my university, which has nothing
to do with you, your teacher or your school. I am interested in finding out how students of
your age think about some everyday science phenomena and how you discuss about them
among yourselves in teams while working on digital storytelling activities. I would love to
see how you help each other to understand unclear point about particular topics and also
how creative you can be through your digital stories.
•

General guidelines about the two activities:

You will be working in small teams of three to four students to create a digital story about
the topic of the states of matter.
Your teamwork will be audio-recorded, except for those who have not consented to it in
the Consent form.
If, at any time, you feel like you do not want to continue with what you are doing, please
feel free to stop and let me know. You can withdraw at any time during the activity.
Instructions about the SEeDS activity:
•

You will create a digital story and

•

You will create a digital story by

determine its plot, by ordering 15

determining and narrating the plot

scenes in a way that they relate to

of a pre-ordered story. To do so you

each other, and they make sense.

will make written commentaries for

Then, you will have to make written

each scene in the extra worksheet

commentaries for each scene in the

provided (Appendix 16).

extra worksheet provided (Appendix
•

Instructions about the Narration activity:

•

Each team will get an iPad and you

16).

will work on the application called

Each team will get an iPad and you

OurStory app to make your digital

will work on the application called

story.

OurStory app to make your digital
story.

•

You can now open the OurStory app
and I will guide you through it. This is
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•

You can now open the OurStory app

the storyline of OurStory, where you

and I will guide you through it. This is

can see the predefined order of 15

the filmstrip of OurStory, where you

animated scenes that represent

can see 15 animated scenes that

different events and phenomena

represent

from the topic of the states of

different

events

and

matter.

phenomena from the topic of the
states of matter.
•

By clicking on each scene’s play

By clicking on each scene’s play

button, you can watch the scenes as

button, you can watch the scenes as

many times as you like.

many times as you like.
•

•

•

To watch all the pre-ordered scenes

At the bottom of the screen is the

as a complete story you can click the

storyline, in which you will order the

play button on the left-hand side of

scenes. To start ordering them, you

the filmstrip.

have to drag and drop each scene in
the storyline. There you can rearrange the order of the scenes by
dragging one scene over the other
scenes. You can delete a scene from
the storyline by dragging it back to
the filmstrip.
•

When you are done ordering the
scenes, you can watch the complete
story by clicking the play button on
the left-hand side of the filmstrip.

•

Further guidance about the two activities:

-

So, is everything clear? Is there anything you want to ask about the activity or the
whole process?

-

I need to remind you that I will be here with you the whole time that you will be
working on the activity, so if you have any questions about how to use the iPad
and/or the OurStory app or how to implement the activity, please ask me at any
time.
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Appendix 16: Commentary worksheet

Please fill in this table with your commentaries about each scene. Make sure you cover all
fifteen scenes.

Scene 1

Scene 2

Scene 3

Scene 4

Scene 5

Scene 6

Scene 7

Scene 8

Scene 9
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Scene 10

Scene 11

Scene 12

Scene 13

Scene 14

Scene 15

*If you need extra space, please use the empty sheet overleaf.
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Appendix 17: The Code Manual (as developed)

Phase 1 of the Hybrid thematic analysis: Development of a priori codes

Table 19: The four main codes developed a priori according to the research questions
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Table 20: The sub-codes of the three main codes developed a priori according to the original story script
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Table 21: The fourth main code and its sub-codes, developed a priori based on the theoretical framework of
Mercer and his colleagues (Mercer and Littleton, 2007; Mercer et al., 1999)
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Appendix 18: Complete transcript of the recorded interaction of a Greek team
(Highlighted are the parts used in section 6.2.1)

365

366

367

368

369

370

371

372
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Transcript 1: Team’s C, Greek students, SEeDS activity
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Appendix 19: Observation Day 4 – 04/04/17 – St2 SEeDS Group
4 Teams X 4 students = 16 students total (1 left because he was ill, so 15 in total completed the activity)
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